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How to start a heart 
that stops. An operating room is 


a quiet place, but you could hear a snowflake 
drop when a living heart stops. Sometimes 
only a single word is spoken, “epinephrine.” 
The syringe is firmly placed in the surgeon’s 
outstretched hand and he plunges the long 
needle deep into the chest—into the center of 
the heart itself. As soon as the life-giving 
chemical touches the muscle of the heart, this 
wondrous organ usually contracts violently 
and starts to beat again. 


In the human body epinephrine is secreted 
by the core of the adrenal gland, and it acts 
to regulate the flow of body blood in conjunc- 
tion with other body chemicals. 


It is also commercially synthesized from 
catechol, another example of the chemical 
miracles being performed by the pharmaceuti- 
cal industry. While United States Steel does 
not produce epinephrine, high-quality USS 
Chemicals have been used for many years in 
pharmaceuticals, a service we have been 
proud to perform for half a century. 


Hundreds of chemical engineers are at work 
in U.S. Steel’s facilities across the nation. 
Many of these men attain management status 
within two or three years after finishing train- 
ing. To learn more about your opportunities 
as a Chemical Engineer with U.S. Steel, write 
today to United States Steel, Room 6047, 525 


William Penn Place, Pittsburgh 30, Pa. 
USS is a registered trademark 


(iss) United States Steel 
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The device about to be submerged is an “‘underwater sound source”’ 


. It transmits sound waves beneath the sea and is part of the research 


equipment developed by Bendix Research Laboratories Division for use in the Bendix program of undersea acoustics research. 


Bendix, America’s most diversified engineering organi- 
zation, offers challenging job opportunities in every 
area of man’s scientific and engineering accomplish- 
ment—under the sea, on land, in the air and in 
outer space! 

Take, for example, the urgent problem of defense 
against enemy submarines. Bendix—pioneer in sonar 
research development, and supplier of this equipment 
to our government for many years—was selected to 
develop new techniques to increase sonar capabilities. 

Another important Bendix anti-submarine device is 
“dunked” sonar, lowered from helicopter into the sea 
to detect enemy submarines. 

The spectacular ‘TV eye’’, which enabled the crew 
of the nuclear-powered submarine “‘Skate”’ to observe 
the underside of the Polar ice pack and locate areas 


A thousand products 


Condi” 


for safe surfacing, was likewise a Bendix development. 

The real “‘depth”’ of job opportunities at Bendix can 
best be measured by the many and diverse scientific 
fields in which Bendix is engaged. 

For example—career opportunities are available in 
such fields as electronics, electromechanics, ultra- 
sonics, computers, automation, radar, nucleonics, 
combustion, air navigation, hydraulics, instrumenta- 
tion, propulsion, metallurgy, communications, carbu- 
retion, solid state physics, aerophysics and structures. 

At Bendix there is truly Opportunity in Depth for 
outstanding young engineers and scientists. See your 
placement director for information about campus 
interview dates, or write to Director of University 
and Scientific Relations, Bendix Aviation Corpora- 
tion, 1108 Fisher Building, Detroit 2, Michigan. 
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The word space commonly represents the outer, airless regions of the universe. 
But there is quite another kind of “space” close at hand, a kind that will always 
challenge the genius of man. 


This space can easily be measured. It is the space-dimension of cities and the 
distance between them... the kind of space found between mainland and off- 
shore oil rig, between a tiny, otherwise inaccessible clearing and its supply 
base, between the site of a mountain crash and a waiting ambulance—above all, 
Sikorsky is concerned with the precious “spaceway” that currently exists be- 
tween all earthbound places. 


Our engineering efforts are directed toward a variety of VTOL and STOL 
aircraft configurations. Among earlier Sikorsky designs are some of the most 
versatile airborne vehicles now in existence; on our boards today are the ve- 
hicles that can prove to be tomorrow’s most versatile means of transportation. 


Here, then, is a space age challenge to be met with the finest and most practical 
engineering talent. Here, perhaps, is the kind of challenge you can meet. 


7 KO RS KY For information about careers with us, please ad- 
dress Mr. Richard L. Auten, Personnel Department. 


One of the Divisions of United Aircraft Corporation 
STRATFORD, CONNECTICUT 
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THESE MEN 
HAVE ONE THING IN COMMON 
...BESIDES SUCCESS 


HARRY SUMNER, Sales Engineer, B.S. in Business 
Administration, University of South Carolina 


KENT R. VAN HORN, Director of 
Research, Ph.D., Yale University 


RICHARD C. WILSON, Assistant 
Manager of Distribution, B.S. in 
Aeronautical Engineering, Uni- 
versity of Kansas 


LAWRENCE M. DUNN, Manager of 
Automotive Engineering Sales, B.S. in 
Mechanical Engineering, lowa State 
University 


GUSTAV 0. HOGLUND, Division Chief of Alcoa Process Development Labora- 
tories, B.S. in Aeronautical Engineering, University of Michigan 


THOMAS R. GAUTHIER, Cleve- 
land Works, Chief Metallurgist, 
B.S. in Chemical Engineering, 


lowa State University 
These men have a faith. An abiding ik # i faith. It’s in the future of a metal. Aluminum. 


They all are department heads at Aluminum Company of America. They all started with Alcoa as young men fresh 
out of college. They all have prospered as Alcoa has prospered. 


They all have received their promotions on merit . . . the same merit which has contributed signally to Alcoa’s status 
as the Twentieth Century’s outstanding corporate success story. 


Today, the prospects for a new employee at Alcoa are even brighter, even more challenging than they were when these 
men first went to work. This is because the prospects for Alcoa and for aluminum are brighter. 


lf a dynamic future in this kind of corporate environ- 

ment interests you, contact your placement officer to Your Guide to the Best in Aluminum Value Vv. 

arrange an interview. For more details, write for our ALCOA 

free booklet, A Career For You With Alcoa. Write . 7 & ALUMINUM 
Aluminum Company of America, 810 Alcoa Building, a eae parenBinscradencirnls he — ere 
Pittsburgh 19, Pa. * Alcoa Theatre” alternate Mondays, NBC-TV 
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PROF. LINKE JOINS | 
ENGINEER 


Photo Science 


Professor Simpson Linke 


Professor Simpson Linke of the 
School of Electrical Engineering 
will be the new faculty advisor to 
the CorNELL ENGINEER. He will fill 
the post left vacant by the resigna- 
tion of Professor Edwin B. Watson. 

Professor Linke is active in cam- 
pus affairs. He is a member of the 
University Calendar Committee 
and the College of Engineering 
Nuclear Curriculum Committee. 
He is chairman of the Senior Proj- 
ect Committee of the School of 
Electrical Engineering and has also 
been faculty advisor to Eta Kappa 
Nu, electrical engineering honorary. 

Professor Linke received the B.S. 
in E.E, degree from the University 
of Tennessee in 1941 and the 
M.E.E, degree from Cornell in 
1949. He began teaching at the 
University in 1946 as a graduate 
instructor and is now an associate 
professor. He served four years as a 
radar officer in the Signal Corps. 
During his last sabbatical, he was 
senior electrical engineer for the 
Philadelphia Electric Company. 
His main fields of interest are those 
of power systems analysis, d-c 
transmission, advanced methods of 
power generation and the behavior 
of electric arcs in vacuum. 

Professor Linke is vice chairman 
of the Ithaca chapter of the Amer- 
ican Institute of Electrical Engi- 
neers and a member of the Ameri- 
can Association of University Pro- 
fessors, Eta Kappa Nu, and Sigma 
Xi. 
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A method of doing work? 

A change of state? 
Regimentation of random motion? 
Organized degradation of matter? 


/s it reversible? 


Because we are constantly preoccupied 
with energy conversion, we are interested 
in energy in all its forms—solar, nuclear, 
thermal, mass, magnetic, electrical, me- 
chanical and radiant. 


And in our attempts to convert one form of 
energy into any other form, we search for 
methods which will give us the greatest 
amount of energy output from the smallest 
possible input. 





To aid us in our efforts, we call on a myriad 
of talents and capabilities: General Motors 
Corporation, its Divisions, other individuals 
and organizations. By applying this sys- 
tems engineering concept to new projects, 
we increase the effectiveness with which 
we accomplish our mission — exploring 
the needs of advanced propulsion and 
weapons systems. 





Want to know about YOUR opportunities on 
the Allison Engineering Team? Write: Mr.R.C. 
Smith, College Relations, Personnel Dept. 





Division of General Motors, Indianapolis, Indiana 
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Editorial... 


HUMANITIES REQUIREMENTS 
NEED REVISION 


Engineering educators have re- 
cently shown a justifiable concern 
for the humanities courses in their 
curricula, The pages of past Cor- 
NELL ENGINEERS are crammed with 
articles and editorials emphasizing 
the need to liberalize the engineer. 
As a result of pressures such as 
these, each engineering school now 
has some humanities requirements. 
Every engineering curriculum pro- 
vides an opportunity for a mini- 
mum of twenty-four non-technical 
courses excluding the college-wide 
requirement of two terms of basic 
English. 


Type of Liberal Education 

But an examination of students’ 
programs reveals that total credit 
hours have no relationship to the 
type of liberal education students 
are getting. If humanities courses 
are to have any meaning, they must 
provide two things. First they must 
broaden the student’s horizons. 
They must introduce the engineer 
to fields such as literature, music, 
art, philosophy, and government 
with which he is probably unfa- 
miliar. Secondly they must acquaint 
him with a new method of ap- 
proaching problems. 

A student taking a liberal arts 
program gains, after four years, a 
facility with certain reasoning proc- 
esses, The engineer, familiar with 
a technical approach to problem 
solving, cannot hope to acquire the 
same kind of knowledge after only 
twenty-four credit hours of study, 
but he must be made to realize that 
the humanities area exists and en- 
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couraged to investigate it further 
after graduation, 

Unfortunately many of Cornell's 
engineering schools do not appear 
to give these objectives any con- 
sideration. Instead they dump 
three-quarters of a student's non- 
technical hours into his fifth year, 
place strait-jacket requirements on 
those he may take in his earlier 
years, and cannot understand why 
the engineer does not take an en- 
thusiastic interest in his work. 


Attitude Has Unfortunate Effects 
The results of this attitude 
among the schools are appalling. 
The required courses become 
watered down with special engi- 
neering sections. When the engi- 
neer reaches his fifth year, he finds 
that he does not have the required 
prerequisites to take any advanced 
humanities study and must spend 
his time in elementary courses, 
where he is usually placed in sec- 
tions with first and second-year 
students. With no real intellectual 
stimuli available to him in the hu- 
manities, the engineer searches for 
the most trivial courses; looking for 
average-raisers to satisfy any basic 
requirements his school may have 
established. The knowledge he 
gains can probably be condensed 
into a moderate-size book, “Handy 
Facts for High School Graduates.” 
The student is not entirely blame- 
less for this situation. Certain de- 
partments of the College of Arts 
and Sciences do open their more 
advanced courses to interested en- 
gineers without prerequisites. But 


students must be willing to seek 
these courses out and do the work 
required. Some engineers, unfor- 
tunately, must be forced into more 
significant humanities courses; con- 
sequently, the Engineering College 
must provide the required impetus. 


Means For Improvement 

First, some minimum college- 
wide standard must be established. 
But more important, the courses 
must be evenly distributed through- 
out the five-year program, Assum- 
ing that the two-term English 
requirement in the freshman year 
will be continued, we believe that 
each student should be required to 
take an additional two-term se- 
quence of basic courses in his 
sophomore year and another in a 
different department in his junior 
year. In the fourth and fifth years, 
he should be obliged to take a 
minimun of nine additional hours 
of advanced work in one of 
these departments, Any compulsory 
speech or history courses can be 
included in the fifth year where 
they will not limit the student's 
opportunity to take prerequisites 
in departments of his choosing. 

With a college-wide program of 
this nature, backed by conscientious 
faculty-advisors and cooperative 
professors in the College of Arts 
and Sciences, the humanities train- 
ing given to engineers can begin to 
have some significance, 


A.S.R. 
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COVER is an abstract design of common phonographic equipment including: arm, stylus, 
cartridge, speaker, and record. Designed by Leonidas loannou, CE ‘63, it was inspired 
by the article appearing on page 24. 


Published monthly—October to May—by the CORNELL ENGINEER, Inc., Carpenter Hall, Ithaca, N. Y. 
Edited by the undergraduates of the College of Engineering, Cornell University. Second class postage paid 
at Ithaca, N.Y., under Section 103, Act of October 3, 1917. 

Subscription per year: regular $2.00; with membership in the Cornell Society of Engineers, $3.00; students 
and faculty, $1.50; single copy, $.25 on campus; $.35 elsewhere. 

Copyright 1960 by the CORNELL ENGINEER, INC. 
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Westinghouse is the best place 
for talented engineers 


bi 





W. J. Burnham of Westinghouse’s Electronics Lab controls the evaporation of germanium metal in a low pressure atmosphere. The 
germanium smoke collects on a glass disk producing a thin film semiconductor of the type to be used in telemetering systems. 


Is a semiconductor film the answer? 
Ask the men in the Electronics Lab 


The Electronics Laboratory helps the Westinghouse en- 
gineer use the latest tools in the electronics field and 
works to develop new ones for his special projects. If a 
Westinghouse engineer needs a new semiconductor film 
for a satellite telemetering system, or a highly sensitive 
tube for a new kind of TV camera, he can call on this 
group of experts for help. 

The lab is currently doing work with infrared imaging 
devices, molecular electronics, sound transmission in 
water and air, parametric amplification of microwaves, 
plasma physics, thermionic power conversion and light 
emission. Nearly all of its work is in support of engineers 
and scientists in other departments of the company. 

At Westinghouse the young engineer isn’t expected to 
know all the answers. Our work is often too advanced 
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for that. Instead, each man is backed up by specialists, 
like those in the Electronics Lab. 

If you have ambition and real ability, you can have a 
rewarding career with Westinghouse. Our broad product 
line, decentralized operations, and diversified technical 
assistance provide hundreds of challenging opportunities 
for talented engineers. 

Want more information? Write to Mr. L. H. Noggle, 
Westinghouse Educational Department, Ardmore & 
Brinton Roads, Pittsburgh 21, Pennsylvania. 


you CAN BE SURE...1F ITS 


Westinghouse 
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~ Where do you want to work? 


These 2 answers may shape your future 


AT NORTHROP you will be offered a wide diver- 
sity of over 30 operational fields from which to 
choose. You will apply your talents to the work you 
enjoy—in the fields best suited to your inclinations 
and ability. 

You will work with the newest and most-advanced 
research and test equipment. 


You will work with acknowledged leaders in their 
fields—men who are chosen for their capabilities and 
their skills in guiding and developing the talents of 
younger men. You will like the way they delegate 
authority and assure you of your fair share of credit 
for engineering triumphs. 

You will earn top salary. Northrop’s salary structure 
is unique in the industry. With this growing company 
you will receive increases as often as you earn them, 
and these will be based on your own individual 
achievements. You will discover, too, that Northrop’s 
vacation and fringe benefits are extra liberal. 


And you will continue to learn while you earn at 
Northrop with no-cost and low-cost education. At 
leading Southern California institutions, you will 
earn advanced degrees and keep current with the 
latest advances in your own chosen field. 


NORTHROP 


CORPORATION 


NEWS IS HAPPENING AT NORTHROP 


JANUARY 1960 


IN SOUTHERN CALIFORNIA youwill work 
in the electronic, aircraft/missile center of the world. 
You will join the outstanding scientists and engi- 
neers who continually advance Southern California’s 
dynamic leadership in these fields of the future. 


When you work at Northrop you will be able to 
enjoy your leisure the year around. Close to the 
beaches and the mountains, you’ll enjoy an active 
life in Southern California’s incomparable climate. 


Now — as you plan your future, you owe it to yourself to 
consider these 3 Divisions of Northrop. 


NORAIR DIVISION is the creator of the USAF Snark SM-62 
missile now operational with SAC. Norair is currently 
active in programs of space research, flight-testing the 
USAF-Northrop T-38 Talon trainer and Northrop’s N-156F 
Freedom Fighter. 

RADIOPLANE DIVISION, creator of the world’s first family 
of drones, produces and delivers unmanned aircraft for 
all the U.S. Armed Forces to train men, evaluate weapon 
systems, and fly surveillance missions. Today Radioplane 
is readying the recovery system for Project Mercury. 
NORTRONICS DIVISION is a leader in inertial and astro- 
nertial guidance systems. At Hawthorne, Nortronics ex- 
plores. infrared applications, airborne digital computers, 
and interplanetary navigation. At Anaheim, Nortronics 
develops ground support; optical and electromechanical 
equipment; the most advanced data-processing devices. 


Find out more about the young engineers and scientists 
who are making the news happen at Northrop. 


WRITE TODAY for information about Northrop 
and all of its Divisions. 


Engineering & Scientific Personnel Placement Office 
Northrop, P.O. Box 1525, Beverly Hills, California 
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MASTER & DOCTOR OF SCIENCE 
DOCTOR OF PHILOSOPHY 


CANDIDATES 


COMPLETING REQUIREMENTS IN 


Engineering | Physics | Applied Mathematics 
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SPACE TECHNOLOGY LABORATORIES, INC., Los Angeles, California, 
recognizes your scholarly and technical achievements by encouraging you to 
have your findings published in recognized scientific journals and 
to present them before scientific and technical societies. 

For members of STL’s Technical Staff, a group proficient in the preparation 
of written and oral presentations is available to give able assistance. 
Since 1954, STL has been a pioneer in virtually every phase of theoretical 
analysis, research, development, and administration of military 
and civilian space systems including the systems engineering and technical 
direction for the Air Force Ballistic Missile Program. 


These are some of the recent papers prepared by members of the STL Technical Staff: 


Lester Legs, F. W. Hartwic 
and C. B. Conen, “The use of 
aerodynamic lift during entry 
into the earth's atmosphere,” pre- 
sented at American Rocket Soci- 
ety Controllable Satellites Con- 
ference, April-May, 1959. 


S. C. Baxer and J. M. KELso, 
“Miniature movies of the plan- 
ets,” reprinted from Astronau- 
tics, May, 1959. 

R. W. Rector, ‘Space age com- 
puting,” reprinted from Datama- 
tion, March-April, 1959. 


E. S. We1seEL, “On the confine- 
ment of a plasma by magneto- 
static fields,"’ reprinted from The 
Physics of Fluids, January-Feb- 
ruary, 1959. 


A. D. WHEELON (with G. 
Muncn), ‘Space-time correla- 
tions in stationary isotrophic tur- 
bulence,” reprinted from The 
Physics of Fluids, November- 
December, 1958. 


G. E. Sotomon, “The nature of 
re-entry,” reprinted from Astro- 
nautics, March, 1959. 


T. A. Macness, J. B. McGuire 
and O. K. Situ, “Accuracy re- 
uirements for interplanetary bal- 
listic trajectories,” reprinted from 
Proceedings IXth International 
Astronautical Congress, Amster- 
dam, August, 1958. 


A. D. WHEELON (with H. 
StarAs), “Theoretical research 
on tropospheric scatter propaga- 
tion in the United States, 1954- 
1957,” reprinted from IRE 
Transactions on Antennas and 
Propagation, January, 1959. 





Investigate opportunities in your major concentration at our laboratories in Los Angeles, California, 
or Cape Canaveral, Florida. Please consult with your placement officer for further information or write to: 
College Relations, Space Technology Laboratories, Inc. P.O. Box 95004, Los Angeles 45, California 
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New products lead to 
better jobs at Du Pont 


ATOMS IN YOUR FUTURE? 


JANUARY 1960 


You are looking at a photograph recently 
released by the Atomic Energy Commission. 
It shows the Commission’s heavy water plant 
near the banks of the Savannah River in 
South Carolina. It is but one unit of an 
atomic energy project that covers more 
ground than the entire city of Chicago. 


This vast installation was built by Du Pont 
at government request in 1950 for cost plus 
$1. Still operated by Du Pont, it stands as a 
bastion of strength for the free world. Equally 
important, here are being expanded horizons 
of nuclear engineering which will eventually 
lead to better living for all of us. 


Like hundreds of other Du Pont research 
projects, probing the mysteries of the atom 
has led to all kinds of new jobs. Exciting 
jobs. In the laboratory. In production. In 
administration. Good jobs that contribute 
substantially to the growth of Du Pont and 
our country’s security and prosperity. 


What does all this have to do with you? 


For qualified bachelors, masters and doc- 
tors, career opportunities are today greater at 


Du Pont than ever before. There is a bright 
future here for metallurgists, physicists, math- 
ematicians, electrical and mechanical engi- 
neers, and other technical specialists, as well 
as for chemists and chemical engineers. 


Perhaps you will work in the field of atomic 
research and development. But that is only a 
small part of the over-all Du Pont picture. 
Your future could lie in any of hundreds of 
areas, from the development of new fibers, 
films or plastics to the exploration of solar 
energy. Or in the sale and marketing of new 
products developed in these and many other 
areas. In any case, you will be given respon- 
sibility from the very start, along with train- 
ing that is personalized to fit your interests 
and special abilities. We'll help you work at 
or near the top of your ability. For as you 
grow, so do we. 


If you would like to know more about 
career opportunities at Du Pont, ask your 
placement officer for literature. Or write E. I. 
du Pont de Nemours & Co. (Inc.), 2420 
Nemours Building, Wilmington 98, Delaware. 


BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 


856 u 5. pat OFF 
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THREE VIEWS OF ENGINEERING 
EDUCATION AT CORNELL 


On October 16 and 17, 1959, the ninth meeting 
of the Cornell University Council was held in 
James Law Auditorium of the Veterinary College. 
The Council, which consists mainly of alumni and 
Faculty, was formed to aid Cornell in the areas of 
alumni relations and fund-raising, and “to make 
recommendations and carry out missions entrusted 
to it for the advancement of the usefulness and 
service of the University.” 

Printed here are three speeches of special in- 
terest presented at the meeting. Dale R. Corson, 











Dean of the College of Engineering, outlines the 
rapid changes in science and technology that are 
requiring new approaches to engineering educa- 
tion. Henry G. Booker, Director of the School of 
Electrical Engineering, presents the problems fac- 
ing graduate education in engineering. James M. 
Edgar, B.Ch.E. ’58, past president of Tau Beta Pi, 
and now enrolled in the Graduate School of Busi- 
ness and Public Administration, relates his ex- 


periences as a student in engineering. 

















Vitro Engineering Co. 


Nuclear reactor, soon to become a part of the engineering quadrangle will prove to be a valuable teaching and research aid. The 
reactor is uniquely designed and will have a modest power output. 
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Dean D. R. Corson 


I am new to the job of being 
dean of the Engineering College 
and talking to you here about the 
problems of the College puts me in 
the position of a student who is re- 
quired to take a final examination 
on the first day of the term. How- 
ever, I will tell you some of the 
thoughts that are on my mird and 
outline some of the problems in 
engineering education as I see 
them. 

To put my later comments in a 
little better focus, let me point out 
that engineering is the only pro- 
fession without pre-professional 
training. If a person wants to be a 
doctor or a lawyer or a minister, 
he takes three or four years of 
basic work, before he starts his 
professional training, in which he 
lays the foundation for his future 
profession. He studies the arts and 
the sciences so that he will have a 
broad base on which to build his 
professional training and, perhaps 
most important of all, he has the 
time to define his professional ob- 
jectives. He has the time and the 
opportunity to see exactly what he 
wishes to do in life. Engineering is 
different. A student starts his pro- 
fessional training at age 18 when 
he enters college as a freshman. 
Not only must he have his profes- 
sional objectives in mind at that 
age, but he must build the liberal- 
studies base as he goes alone. Now 
I do not consider this latter re- 
quirement especially bad, since 
any person’s college training in 
liberal subjects can at best pro- 
vide him with a start toward an 
education, Most of his understand- 
ing and most of his insight are 
going to come from his reading 
and from his study after he leaves 
college. Since we have a five-year 
engineering program at Cornell, 
and since we live in close associa- 
tion with the liberal disciplines, 
the engineering student here has 
an excellent opportunity to see the 
humanities and the social sciences 
in broad perspective and to de- 
velop his interest in non-technical 
fields. As with everyone else, he is 
going to gain most of his educa- 
tion in these areas after he leaves 
the University. Mr. Edgar will dis- 
cuss some aspects of this problem 
later on. 

Let me come now to some of the 
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specific problems of engineering 
education. First of all, what about 
the students? The number of 
young people going into engineer- 
ing in the last few years has been 
decreasing. In the fall of 1958, 
freshman engineering enrollments 
were down 11% on the average all 
over the country and we were also 
down about the same amount, 
from 635 to 547. This year the 
number of applications were down 
again, but the fraction who ac- 
cepted our offer of admission was 
up considerably so that our fresh- 
man class has 535 this year, only 
a handful fewer than last year. By 
every way we have to judge abil- 
ity, the quality is higher than 
normal this year. I think these 
trends in enrollment are, to a con- 
siderable degree, the result of the 
Sputnik fever which hit us two 
years ago. There has been a great 
deal of talk about science in these 
two years and many students who 
would have gone into engineering 
ordinarily, have gone into science 
instead. I think that much of this 
talk has been misplaced. The 
satellite and rocket achievements 
have been engineering achieve- 
ments not science achievements, 
although some of the measure- 
ments which have been made with 
the satellites have scientific inter- 
est. The country needs more en- 
gineers and there is no doubt that 
our enrollment will increase. We 
now have 1850 undergraduates 
and we consider 2400 the optimum 
number. I am confident we will 
get there in a few years. 

Now, what about the staff? We 
already have a high quality staff 
but as people retire and as the 
student body grows, we must add 
new staff members and this is one of 
our biggest problems, Competition 
is severe and we repeatedly fail to 
get the promising young people we 
go after. Salary is the biggest fac- 
tor here. Our average undergradu- 
ate going into industry started at 
more than $6000 last year and it is 
not uncommon for a Ph.D. gradu- 
ate to start at $12,000. You can see 
where this leaves us when we offer 
the same young Ph.D. $5000 to 
$7000. Furthermore, many of the 
big companies operate engineering 
and science laboratories with aca- 
demic atmospheres so that the 
young graduate not only finds high 
salaries in industry, but he finds 


the ivy on the walls as well. This 
competition for staff also extends 
to older engineers and scientists. 
Our professors are continually 
bombarded with offers from in- 
dustry. Some of the west coast air- 
craft and missiles companies have 
staffed their research and develop- 
ment laboratories to a considerable 
extent with former university pro- 
fessors. Only last summer we lost 
one of our best teachers to in- 
dustry. 

The competition is so keen that 
even universities are now paying 
premium salaries to get key peo- 
ple. To put the matter graphically, 
perhaps 100 different universities 
may each be seeking a single key 
professor, at a premium salary, 
from one of a group of, say, 10 
major universities. Thus each of 
the ten universities is under fire ten 
times over. Then the ten start snip- 
ing at each other. I know one Cor- 
nell department which last year 
countered $30,000 worth of salary 
increase offers from other universi- 
ties with $4,000 worth of raises 
here. These offers came from such 
places as MIT, Chicago and Cal- 
ifornia. We can no longer include 
the view from the Library Slope 
in a man’s salary and tell him it is 
worth $1,000 a year. The Universi- 
ties which are going to remain 
strong are those which simply will 
not be outbid. Do not think that we 
can relax now that we have a 
beautiful new engineering quad- 
rangle. We still have serious prob- 
lems. 

Finally, what about the curricu- 
lum? As I look at the field of en- 
gineering, there is one overwhelm- 
ing factor which dominates my 
view. This factor is the accelerating 
pace of technological development. 
We are in a period when the time 
lag between discovery and appli- 
cation is shrinking rapidly. We can 
see what is happening when we 
look backwards in time. The laws 
of electromagnetic induction, for 
example, first discovered about 130 
years ago, were not applied to en- 
gineering problems for some fifty 
years. In the case of radio com- 
munication, the time lag was some- 
what shorter. In the case of urani- 
um fission and nuclear energy the 
time lag was only about six years, 
and in some of the current develop- 
ments the time lag is almost zero. 
We must train students today so 
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that ten or five years or even one 
year from now they can work in 
fields that have not yet been in- 
vented, Our problem is how to 
provide this training. 

In trying to solve this problem 
we are faced with a dilemma, for 
it appears that we must offer two 
different curricula. We know that 
we must emphasize engineering 
science. An electrical engineer, for 
example, cannot build a_super- 
sensitive receiver for radio waves 
using the latest developments in 
solid-state physics unless he under- 
stands the physics involved. On the 
other hand the country needs en- 
gineers who are going into manu- 
facturing operations, or into man- 
agement, or into highway construc- 
tion, or who are going into hun- 
dreds of other equally important 
areas which do not require so 
much scientific training. 

How shall we meet both these 
demands? There are two ways and 
we are doing both of them. One 
way is to meet the engineering 
science needs through special cur- 
ricula as we are doing in our en- 
gineering physics department. Our 
five-year program makes it possible 
for us to offer an engineering phys- 


ics curriculum which is firmly built 
on basic engineering disciplines but 
which, at the same time, is highly 


Erik Gregerson 


Laboratory courses occupy a great deal of the upperclass engineer’s time. Experiments 
such as this one in the materials department provide grounding in some of the 
fundamental principles. 


oriented toward mathematics and 
the sciences and which includes a 
good program of liberal studies. 
The second way of coping with the 
problem is to offer alternative 
paths within a given curriculum. 
We are doing this to some extent 
in electrical engineering. Begin- 
ning in the third year a student 
can follow a normal, old-fashioned, 


Joel Kreiner 


Freshmen engineers waste no time in starting their professional training. James 
Ferguson and Richard Abrams, ChemE ’64, wrestle with a problem in physics 121, 
one of the engineers’ most important basic courses. 
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1958 electrical engineering course 
or he can go rather heavily in a 
mathematics-physics direction if he 
is so inclined. I believe that this 
dual-path approach to the problem 
is going to occupy more and more 
of our effort in the future. 

Let’s turn to another curriculum 
problem—the question of whole 
new fields of technical interest. 
One such field is that of engineer- 
ing materials. Everywhere we turn 
we see progress limited by the ma- 
terials available. For example, nu- 
clear power engineers would like 
to design nuclear reactors to oper- 
ate at very high temperatures, 
2000° or 3000°, or even higher, but 
the available materials are inade- 
quate. The missile designer must 
have lighter, stronger, and more 
heat-resistant materials for his 
rockets and for his nose cones. The 
electronics engineer must find new 
materials out of which to make 
transistors which will operate at 
higher temperatures and in higher 
radiation fields, and which lend 
themselves to simple manufactur- 
ing techniques. In this country we 
have a number of billion dollar de- 
velopment programs which depend 
on new materials for their success. 
We must train engineers in the ma- 
terials field, and we must do re- 
search in the field. I am convinced 
that the next decade will see great 
emphasis on this problem. At Cor- 
nell we already have a good start. 
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We have a metallurgical engineer- 
ing department, we have a depart- 
ment of engineering mechanics 
and materials, and we have a good 
materials program in our engineer- 
ing physics department. Through 
the generosity of Mr. F. N. Bard 
we are going to have a new metal- 
lurgy building. The whole materials 
picture is bright. 

A second new and important en- 
gineering field is that of nuclear 
power. When we examine this 
country’s power requirement for 
the next fifty years, the prospect is 
frightening. Coal and oil cannot 
meet the needs and we must have 
other sources of energy. Fission 
reactors represent the principal 
hope at present, and nuclear power 
stations are springing up all around 
the country. Nuclear power for 
propulsion purposes is already be- 
ing exploited. Several nuclear sub- 
marines are in operation and the 
first nuclear merchant ship, the SS 
Savannah, was launched some 
months ago. The development of 
nuclear propelled aircraft is absorb- 
ing large sums of money and the 
development of nuclear propelled 
rockets requires only time—and 
money. These developments make 
a big demand for engineers trained 
in the nuclear field. For several 
years we have had a nuclear power 
option which students in any of 
our engineering disciplines may 
elect in the last two years of under- 
graduate work. Now, beginning in 
the next few months, we are going 
to build a nuclear reactor of modest 
power but of unique design which 
will adapt itself well to our teach- 
ing and research requirements. 
While I am on the subject of power 
I should mention the growing in- 
terest in still other methods of 
power generation—thermo-nuclear 
fusion, for example, and in new 
methods of power conversion: that 
is conversion from heat to electri- 
cal power. Research in these new 
power areas is developing rapidly 
in this country and we are dis- 
cussing what our role at Cornell 
should be. 

There are other new fields, such 
as space research, which have their 
impact on us but time does not per- 
mit further discussion. 

From my examples of the new 
problems which face engineers, it 
is easy to believe that graduate 
study in engineering is of growing 
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Fifth year students Leonard Copeland and David Chandler investigate the effect of 
large clearance in plain journal bearings. 


importance. Many of today’s en- 
gineering problems are so compli- 
cated that a person with only un- 
dergraduate training cannot possi- 
bly cope with them. I know one 
corporation which requires all its 
engineers to have at least a master’s 
degree. If an employee does not 
have the degree he must go to 
school, on company time, to get it. 

I have talked about a few of 
the problems which I see and told 
you about a few of the steps al- 
ready under way to meet these 
problems. I am new to the job and 
my ideas are necessarily immature, 
but I have succeeded in my pur- 
pose if I have left you with the im- 
pression that we are alert to the 
new demands on engineering edu- 
cation, that we find the prospects 
for the future exciting, and that we 
intend to continue the Cornell tra- 
dition of excellence in engineering 
education. Thank you. 


Prof. H. G. Booker 


I am to speak about Graduate 
Education in the Engineering Col- 
lege of this University and about 
what is preventing us at the pres- 
ent time from doing the whole job 
that needs to be done. To do this 
I would like to begin by asking, 
and answering, a few deceptively 
simple questions about education 
in general. 

Firstly, what is the objective of a 
University such as Cornell? My 
one sentence answer is this: To 


take in good brains from high 
school and make these brains func- 
tion as well as possible. 

Secondly, what is the objective 
of the Engineering College? It is 
to exploit the potentialities of en- 
gineering for the purpose of mak- 
ing students’ brains function as 
well as possible. Notice that engi- 
neering is the means, not the ob- 
jective. Development of student 
brains is the objective; study of en- 
gineering is the means to that ob- 
jective in the Engineering College. 

The third question is: what is 
the objective of undergraduate ed- 
ucation? It is to exploit what is 
well known in order to make stu- 
dents’ brains work as well as pos- 
sible. In the Engineering College 
it is the objective of undergraduate 
education to exploit what is well 
known in engineering for the pur- 
pose of developing students’ brains. 
The means for attaining the objec- 
tives of undergraduate education 
are books, lectures, and so forth. 
In undergraduate education group 
activities are feasible that greatly 
reduce the cost to the University 
per student. 

It is appropriate to mention at 
this point the following educa- 
tional fallacy. It is sometimes 
stated that, because much more is 
known today than it was thirty 
years ago, therefore students have 
much more to learn today. This is 
untrue. What is true is that there 
is now more material from which 
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Undergraduate studies in the power field help these students to develop their minds. 
But insufficient funds have limited advanced research in this field. 


to select in the process of making 
brains work as well as possible. 
The students brains are not differ- 
ent today from what they were 
thirty years ago, 

The upshot of an undergraduate 
educational program is, not that 
the student knows everything, but 
that the student’s brain has been 
made to work as well as is possible 
by studying what is well known. 
When he completes his undergrad- 
uate education, a student has rea- 
sonable confidence that he can 
understand anything that some one 
else has already understood. 

Now for the conduct of our na- 
tional life it is not sufficient, in en- 
gineering or in any field, merely 
to understand and apply what is 
well known. Our best brains are 
required to attack what has not 
been done before. With the ever 
increasing acceleration of technical 
progress to which Dean Corson has 
drawn attention, our best brains 
in engineering are required to at- 
tack unsolved problems at an ever 
increasing rate, Nor is the ability 
to deal with novel situations re- 
stricted to the technical field. Many 
of you know far better than I do 
the importance in business of cop- 
ing quickly and decisively with 
novel situations. And the same is 
true in national and international 
politics. Graduate education is the 
University technique for develop- 
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ing the minds of the best students 
to attack problems and situations 
not previously encountered. 

Now I am prepared to assert 
that the Engineering Colleges of 
our Universities have, in the past, 
largely failed to meet the challenge 
of graduate education. And Cornell 
is no exception. In the past decade, 
real efforts have been made in a 
number of areas of the Engineer- 
ing College to create a graduate 
educational program to give stu- 
dents the mental development, ex- 
perience, and confidence to cope 
with the novel. Even in these areas 
however the programs do not rest 
on a sound financial foundation. 
And there are a number of areas 
where virtually nothing has been 
done. For example, in the School 
of Electrical Engineering essen- 
tially nothing is being done to pro- 
duce men capable of exploring and 
exploiting the exciting new possi- 
bilities that now face us in the gen- 
eration of electric power. Let us 
see why not. 

Remembering that the objective 
of graduate education is to develop 
minds capable of dealing’ with 
novel situations, let us first ask 
what are the means available to a 
University for pursuing this educa- 
tional objective. The principal 
technique is to have the graduate 
students take a major part in a 
dynamic program of research on 


the campus. Notice that research 
is not itself the objective, as in 
many industrial and government 
laboratories. Academic research is 
a means to an educational end. The 
educational end is a body of highly 
intelligent people trained to meet 
novel situations with confidence. 

Note that specialization is not 
an objective of graduate education. 
Specialization is involved, but only 
as a means. An indiv:dual graduate 
student cannot advance the whole 
frontier of knowledge. He must 
select a narrow sector for his own 
educational development. Speciali- 
zation is involved as the graduat2 
student approaches that portion of 
the frontier of knowledge that he 
proposes to advance, Thus, while 
specialization is involved in the 
approach, the objective is broad: 
to be able to deal confidently with 
the novel throughout life. 

Let us now see how this applies 
to graduate education in the field 
of electric power. The problem is 
to exploit new ideas in the genera- 
tion of electric power to train grad- 
uate students in novel thinking. 
The procedure is to establish in the 
School of Electrical Engineering an 
active program of research in new 
methods of generating electric 
power. This is not research to re- 
place what is done in industrial or 
government laboratories. It is re- 
search in order to provide the peo- 
ple required to man the industrial 
and government research labora- 
tories. With no existing Cornell 
program of research in new meth- 
ods of generating electric power, 
how does the School of Electrical 
Engineering get one started? If 
once we got going, we could keep 
going to a large extent on contract 
funds from the federal govern- 
ment or from industry. Such funds 
are not however available to us 
unless we get into the business on 
our own initiative. How does any- 
one get started in any new busi- 
ness? The answer, as you know 
better than I do, is by investing 
capital. Venture capital to estab- 
lish the kind of research programs 
required to train our best students 
to face what is unknown in our 
future. 


James Edgar, Ch.E. °59 


There is no doubt in my mind 
that I would never have come to 
Cornell if it had not been for some 
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dedicated Cornell alumni living 
in my home town, For me to now 
describe my impressions of under- 
graduate lite as an engineering stu- 
dent to another group of dedicated 
Cornell alumni gives me particu- 
lar pleasure. 

As I interpret many of the com- 
ments that I have recently heard 
and read, all high school students 
anticipating a college education are 
faced with a choice between a vc- 
cationally oriented course of study 
like engineering and a liberal edu- 
cation centered on the humanities. 
The strong implication is that by 
attending an engineering college 
a student acquires a specialized 
and technical training at the ex- 
pense of the broadening humani- 
ties. In my opinion, any attempt to 
relate engineering training to a 
liberal education on an either-or 
basis is seriously clouding the cen- 
tral issue. It is the individual him- 
self who determines the education 
that he will receive. It is only when 
the individual abdicates his fun- 
damental responsibility for choos- 
ing and then constantly modifying 
his educational goals that the cur- 
riculum determines the scope of his 
learning. From my own associa- 
tions as an undergraduate I am 
convinced that there is no curricu- 
lum that will guarantee a liberal 
education for anyone unless that 
person is first inculcated with a de- 
sire to learn and explore. Alterna- 
tively, there is no curriculum in 
this university that can prevent a 
student from acquiring a liberal 
education if he has a desire for it. 

There is another stigma that oc- 
casionally becomes attached to the 
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Engineering physics student Landis Markley, Jr. confers with Donald H. Moyer of 
the Office of Student Personnel. As a result of such conferences, students are better 
able to plan their activities after graduation. 


engineering course of study, As I 
understand it, many people—usual- 
ly nonengineers—would have us 
believe that the burdens of the en- 
gineering courses are so Overpow- 
ering that a person attempting to 
master them can by necessity have 
little time for any other pursuits, 
either academic or otherwise. Noth- 
ing could be further from the truth. 
Permit me to cite just a few exam- 
ples from the area of extra-cur- 
ricular activities. The president of 
the Interfraternity Council, in ad- 
dition to simultaneously serving as 
president of his own fraternity, is 


Norman Brockmeier 


Despite the time and effort required by studies, engineers still have time for extra- 


curricular activities. These members of the CorneLtt ENncrneeR staff are discussing 


plans for the next issue of the magazine. 
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a fourth year mechanical engineer. 
Perhaps you have heard of our 
new student government; its vice- 
president, who is elected at large 
from the student body, is studying 
his fourth year of chemical engi- 
neering. Another of the key leader- 
ship responsibilities on campus in- 
volves the selection and training 
of approximately 250 orientation 
counsellors; this job was handled 
admirably this year by another 
senior in mechanical engineering. 
I should also add here that the 
membership of Sphinx Head and 
Quill and Dagger as well as the 
membership of Red Key and Aleph 
Samach contain a substantial num- 
ber of engineering students. And 
lest you think that these students 
have made their activities record 
at the expense of their academic 
pursuits, let me point out that the 
great majority of those who have 
proven their leadership ability 
have also been members of Tau 
Beta Pi, which is the engineering 
equivalent of Phi Beta Kappa. 
When entering engineering as a 
freshman, a student knows that he 
is entering the five-year study of a 
difficult discipline with its own de- 
manding standards. Probably he 
realizes that he is about to be 
tested for the first time in a rather 
young life. He knows that many 
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will come through with flying 
colors, but that some will fail. For 
the first time this freshman is en- 
tering the adult community to be 
judged by adult standards. I think 
that you can begin to understand 
the exhilaration that this student 
must feel as he is able to prove to 
himself that he can master a tough 
discipline. About this time an 
amazing transformation can occur. 
Now I do not for a moment pre- 
tend that this transformation oc- 
curs only among engineers; quite 
the contrary. But the fact that it 
does occur at all may come as a 
surprise to many. Because the 
course of study is tough and the 
student has mastered it, he is not 
likely to be satisfied with this 
limited accomplishment. Rather, 
the self-confidence which is begin- 
ning to grow encourages him to 
look around. About this time self- 
confidence and the beginning of 
maturity swirl together, and the 
narrow concept of college suddenly 
explodes into an amazingly varied 
number of possibilities, and indi- 
vidual interests carry their owners 
in any number of directions. Some 
become attracted by research and 
development work in computers, 
rocket fuels, missile guidance sys- 
tems, or nuclear power. Others di- 
rected more toward an industrial 
career with possible management 
responsibility may pursue the stud- 
ies of economics, finance, account- 
ing, and even law. On still another 
tack, students will be carried into 
the realm of music, art, philosophy, 
literature, and government. Still 
others will become interested in 
any number of extra-curricular op- 
portunities for developing and 
testing their own leadership ability. 
It is during this period of investi- 
gation and trial and error that the 
interests of a lifetime are uncov- 
ered. 

As I look back over my five years 
as an engineering undergraduate 
and renew the personal associa- 
tions that appear so clearly in my 
memory, I am led irretrievably to 
the fact that an education is de- 
termined by the individual and not 
by the curriculum. In this regard I 
am reminded of a comment by 
Francis Bacon that has been often 
quoted by one of my favorite pro- 
fessors: “Education is what re- 
mains when you have forgotten 
that which you set out to learn.” 


THE CORNELL ENGINEER 





AT RAYTHEON... 


Scientific imagination 
focuseson... RADAR... 

SONAR ...COMMUNICATIONS ... 
MISSILE SYSTEMS ... 

ELECTRON TUBE TECHNOLOGY... 
SOLID STATE 


Challenging professional assignments are of- 
fered by Raytheon to outstanding graduates 
in electrical engineering, mechanical engin- 
eering, physics and mathematics. These as- 
signments include research, systems, devel- 
opment, design and production of a wide 
variety of products for commercial and mil- 
itary markets. 


For specific information, visit your place- 
ment director, obtain a copy of “Raytheon 
...and your Professional Future,” and ar- 
range for an on-campus interview. Or you 
may write directly to Mr. John B. Whitla, 
College Relations, 1360 Soldiers Field Road, 
Brighton 36, Massachusetts. 


Excellence in Electronics 


JANUARY 1960 


When writing to advertisers please mention the Cornett ENGINEER. 





Improved Technology, Changing Audience, Spur Development of . . . 


F-M BROADCASTING 


The growth of f-m broadcasting 
in the United States has been 
somewhat erratic. It has been ad- 
vanced by significant technical de- 
velopments and at the same time 
has been retarded by financial dif- 
ficulties. The result is a melee of 
confusion about the status of the 
f-m medium in the mind of the 
public. 


F-M Through 1945 

The concept of frequency modu- 
lation was first brought to light 
with the invention of the Poulsen 
arc, a type of are used in some 
radio-telegraph transmitters. It was 
not possible to send code with the 
Poulsen are by interrupting the 
circuit; instead, frequency-shift key- 
ing was employed, It was then pro- 
posed that the human voice be 
used to continuously modulate the 
frequency of a transmitted wave, 
but at that time techniques for 
testing such an idea did not exist. 
As the complexities of amplitude 
modulation became better known 
and understood, frequency modu- 
lation was again proposed, this 
time in the hope of conserving 
electromagnetic spectrum space. 
This hope, however, was_ short- 
lived; for in 1922, Carson proved 
mathematically that it was not pos- 
sible to make a practical frequency 
modulated system with a smaller 
effective bandwidth than that of 
amplitude modulation, Carson re- 
marked further about f-m: 


In the more general case where 
the signal must be represented 
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by an arbitrary f (t), as is the 

case in telephonic transmission, 

a general solution can . . . be 

gotten... 

I=Acosat—ohA f f(t)dt sinost 

The second term is a modulated 

wave, but the amplitude instead 

of being proportional to the sig- 
nal wave is proportional to its 
integral. Consequently this type 
of modulation inherently distorts 
without any compensating ad- 

vantages whatsoever . . . 

Superiority, however, has been 

claimed for the former [frequen- 

cy modulation] on the alleged 
ground that, since ‘the amplitude 
is constant, transient disturb- 
ances are minimized. This claim 
is seen to be quite invalid when 
the real significance of ‘fre- 
quency modulation’ is analyzed, 
and no such superiority exists." 

In spite of this disturbing con- 
clusion Frank Conrad, the chief 
engineer of KDKA in Pittsburgh, 
began to experiment with f-m. He 
began in 1922 to make tests with 
a continuous wave transmitter mod- 
ulated by a condenser microphone 
that shunted the main tuning con- 
denser of the oscillator. The result 
of the attempt was a transmission 
with high noise, distortion, and 
poor frequency stability. 

For some years f-m lay dormant. 
Major Edwin H. Armstrong, how- 
ever, did not feel that f-m was a 
useless idea. Armstrong installed 
a transmitter in the Empire State 
Building and used his own modu- 
lation technique. In 1933-34 he 


demonstrated the system to the 
Radio Corporation of America. He 
had been able to obtain excellent 
fidelity and a signal-to-noise ratio 
far better than that attained in 


Westinghouse Electric 
The WL5736 tube is often used in five 
kw f-m installations. 


amplitude modulation or in Con- 
rad’s tests. Armstrong went as far 
as multiplexing the system so that, 
at the same time regular broad- 
casting was being carried on the 
main channel, three completely dif- 
ferent signals were being carried 
on three sub-channels. 

Armstrong succeeded where Con- 
rad failed because Armstrong used 
wide-band f-m. The maximum 
swing on Armstrong’s transmitter 
was +75 kc. The difference in tech- 
niques produced a very striking dif- 
ference in results. Armstrong's re- 
ception was almost unaffected by 
atmospheric disturbances. It showed 
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a unique signal-capturing ability 
whereby, if the field strength of the 
signal were appreciably greater than 
the field strength of the noise, the 
receiver would demonstrate an ap- 
parent increase in signal-to-noise 
ratio; thus the noise was nearly 
eliminated. It is also of interest that 
Armstrong’s experiments were car- 
ried out at a center frequency of 
54 mc, a frequency at which line- 
of-sight propagation exists. Under 
this condition, f-m stations on the 
same frequency could be placed as 
close together as 100 miles and still 
cause negligible interference to 
each other. 

In 1940 the Federal Communi- 
cations Commission set apart thirty- 
five channels for commercial f-m 
and five channels for noncommer- 
cial educational f-m. On October 
31, 1940 the FCC issued con- 
struction permits to fifteen stations. 
Throughout World War II, more 
than forty prewar f-m stations con- 
tinued to serve some 400,000 re- 
ceivers in the 42-50 mc band. 


Post-War F-M 

In June of 1945, before the war 
was over, the FCC dealt a hard 
blow to the f-m industry; FCC re- 
port 83095 ordered a change in the 
commercial f-m band from 42-50 
mc to 88-106 mc. This order made 
all commercial f-m equipment ob- 
solete. The FCC did, however, al- 
low interim operation on both 
bands with a 90-day permit. 

While the band change was a 
set-back to f-m broadcasters and 
listeners, it seemed to act as a spur 
to rapid technical development in 
f-m. In December °45, the Seely 
discriminator was discovered at 
RCA, In January °46, Philco in- 
vented the gated beam tube, the 
6BN6. Zenith and General Electric 
coordinated on the Phasitron mod- 
ulator tube in February "46, and in 
October of the same year, General 
Electric marketed a transmitter us- 
ing the Phasitron. 

In October 1948, Radio Engi- 
neering Laboratories, Inc. came up 
with a still better f-m modulator 
known as Serrasoid that could at- 
tain a signal-to-noise ratio of 80 
db, An experimenter’s design of a 
transistorized f-m receiver was pub- 
licized in 1958. Unfortunately, the 
transistors suggested for the re- 
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ceiver cost between fifteen and 
thirty dollars each at that time. 


Socio-Economic Development 
Since 1946 
F-M STATIONS AUTHORIZED 
IN USS. 
Total On the 
Date Authorized = Air 
June 30, 1945 56 a 
June 30, 1946 456 55 
June 30, 1947 918 238 
Broadcasting Yearbook, 1957 
Fig. 1: A-m industry in 1945-1947 
cornered many channels in order to keep 
f-m stations off the air. This explains the 


discrepancy between the number of sta- 
tions authorized and on the air. 


In spite of the channel-cornering 
schemes of the a-m industry, as 
shown in Fig. 1, f-m began to ex- 
perience a boom in 1947 and con- 
tinued to boom through 1950. 
(This growth is graphically repre- 
sented in Figs. 2 and 3.) This 
boom is best explained in the light 
of a description of post-war Amer- 
ica. The war had succeeded in in- 
flating the value of the dollar; 
higher wages and greater buying 
power resulted. The work week 
had been shortened and people 
had more free time than they had 
had before. With money to buy 
equipment and time to use it, 
Americans began to enjoy f-m sets. 
Soon, however, the novelty began 
to wear off; and, in the beginning 
of 1951, the acceptability of f-m as 
a medium seemed doubtful. 

To make matters worse for f-m, 
television had begun to impress the 
public. In 1948 the total television 
time sales had amounted to $8.7 
million; by 1951 the figure had 
grown to nearly $208.6 million for 
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Broadcasting, Feb. 9, 1959 


Fig. 2: The sale of f-m receivers are a 
measure of public acceptance of the 
medium. 


the year.* National sponsors and 
broadcasters began to realize that 
the big money was in television, so 
that many talented entertainers 
were shifted from radio to tele- 
vision. The rapid advancement of 
television over radio is shown in 
Figs. 4 and 5. 

When ohne refers to these charts, 
he should be aware that f-m is only 
a small part of radio. For, between 
the years of 1947-1958, the pro- 
duction of f-m sets never exceeded 
10 per cent of total set production.* 

The f-m broadcasting industry 
found itself badly prepared for the 
sudden success of television. F-m 
lacked both a program to encourage 
advertising agencies to “pateon 
time, as well as a central organi- 
zation from which this time might 
be bought. Thus, f-m was caught 
financially unprepared in 1951. 

In 1957 f-m received a bad scare. 
There was serious talk of again re- 
allocating the f-m broadcast band. 
In a meeting at Old Point Comfort, 
Virginia, ex-Commissioner Hen- 
nock of the FCC said, “You're not 
going to be able to hold on to 20 
megacycles of spectrum space.”* 
Ex-Commissioner Anello said, “It 
is my personal opinion that the f-m 
people in this proceeding are in the 
fight of their lives to retain all of 
the space that they now have.”* In 
the fall of 1958 Radio Engineering 
Laboratories, Inc, designed and 
tested a new line of f-m transmit- 
ters that could operate in the pro- 
posed new f-m band. However, at 
about this time the FCC issued a 
statement that they had been “lit- 
erally flooded” with letters from all 
over the country expressing con- 
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Broadcasting, Feb. 9, 1959 
Fig. 3: The success of f-m stations has 
been rather erratic, but the last three 
years show a steady rise in stations on 
the air. 
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cern over f-m, for another fre- 
quency change would probably kill 
f-m completely.’ Largely as a re- 
sult of the public response, the 


Gates Radio 


This five kw f-m transmitter is used at 
many medium-power stations. 


FCC has taken no definite action 
on the proposed frequency change. 
The result of the frequency-change 
scare was to make the f-m medium 
even less attractive to advertisers. 


The Trend Reverses 


While f-m was undergoing its 
financial decay, the public was 
being subjected to better and bet- 
ter sound, Movies and records be- 
came “stereophonic,” “orthophon- 
ic,” and “full dimensional.” With 
the advent of high fidelity sound, 
the public developed a new inter- 
est in f-m. 

The appearance of inexpensive 
f-m receivers on the market made 
the medium more accessible to the 
public. There are f-m sets now on 
the market comparable in price to 
a-m table model radios. The in- 
creased public interest in f-m is 
demonstrated in Fig. 6. 

Broadcasters gradually realized 
that the f-m audience was in the 
upper income bracket. The public 
was gaining the buying power to 
buy f-m and the leisure time to 
listen to it. The “do-it-yourself” 
trend encouraged the sale of indi- 
vidual high fidelity components, 
among them, f-m tuners. The mass 
market that advertising agencies 
were looking for seemed to be 
developing, and the future of 
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f-m broadcasting began to look 
brighter. 

F-m’s first successful organiza- 
tion was the Rural Radio Network 
(now the North-East Radio Net- 
work). This network originated its 
programs in Ithaca, N.Y. Each suc- 
ceeding station received the signal 
over the air from the previous one 
and rebroadcasted the program on 
a different frequency. This network 
was later incorporated into the 
QXR Network. These networks 
furnished buyers with a mode of 
buying large blocks of f-m time 
from one organization. The QXR 
Network has been working on pro- 
motion of advertising accounts but 
has met with only limited success. 

Their future expansion is limited 
by the maximum possible number 
of stations in the network. This 
number is determined by the noise 
generated by each transmission in 
the chain; for the noise of each 
successive transmission is added to 
the noise of the previous transmis- 
sion. Thus, the number of trans- 
mitters in a chain is determined by 
the signal-to-noise ratio per trans- 
mission divided into the minimum 
allowable system signal-to-noise 
ratio. 

In 1957, the F-M Development 
Association was founded. (It was 
this organization that was largely 
responsible for the 1957 meeting 
at Old Point Comfort, Virginia. ) 
The purpose of this group was to 
actively promote the sale of f-m 
time through a central booking 
agency. Any dues-paying member 
of the group was required to re- 
serve three “spots” each day for the 
commercials of the Association. 
The income from the time sold 
would be evenly divided among 
the member stations. The Associ- 
ation also intended to finance re- 
search and promotion necessary to 
sell f-m to advertisers. 

The F-M Development Associ- 
ation attained only a small mem- 
bership. Some other organizations 
similar to it (such as the Good 
Music Broadcasters) had been or- 
ganized throughout the country. 
On September 18 and 19, 1959, a 
meeting of broadcasters coordi- 
nated some of the smaller organi- 
zations into one parent group, the 
National Association of F-M Broad- 
casters (NAFMB). The magazine 
Broadcasting described the Associ- 
ation as follows: 


NAFMB will function as a suc- 
cessor to the short-lived Assn. of 
FM Broadcasters formed at last 
spring’s NAB convention follow- 
ing the demise of FM Develop- 
ment Assn. AFMB disbanded 
last July, authorizing its board 
to organize a broader and more 
comprehensive association em- 
bracing all industry elements, 
including conventional and back- 
ground music fm operations... . 
The complete line-up of NAFMB- 
member stations may be de- 
livered to a national advertiser 
on the basis of a persuasive sell- 
ing presentation... .” 
The f-m broadcasting industry has 
great hopes that NAFMB will be 
the effective product of the wed- 
ding of less effective organizations. 


Gates Radio 


The interior of an f-m transmitter must 
be readily accessible for ease of servicing. 


Future 


In order to get the views of a 
professional broadcaster about the 
future of f-m, the author talked with 
Mr. Michael R. Hanna, general 
manager of WHCU, Ithaca, N.Y. 
Mr. Hanna said it was inevitable 
that f-m eventually replace a-m. 
He explained his statement by 
pointing out the “weather-free” re- 
ception of f-m, its signal-capturing 
property, and the advantages of 
night-time programming (many 
a-m stations are required to cease 
operation at sun-down). He said 
that f-m would completely replace 
a-m in all but the least densely 
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Number of 
channels 
remaining 


City 
Boston 0 
New York 
San Francisco 
Los Angeles 
Philadelphia 
Baltimore 
Chicago 
Washington, D.C. 


Number of 
applications 
for available 

channels 


F-m set 
penetration 
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Brown University 


Fig. 6: Penetration is high in major population areas. Set penetration (the per cent 
of homes equipped with f-m sets) figures were obtained in April 1958. 


populated areas of the country 
such as parts of the West. He fur- 
ther stated that f-m would make 
“significant inroads” upon a-m 
broadcasting within five years. 

Mr. Hanna told me that a short 
while ago, when he was in Wash- 
ington, D.C., he spoke to an FCC 
commissioner. The commissioner 
said that the FCC was encourag- 
ing f-m broadcasting by granting 
many a-m licenses, thus causing 
the a-m industry to crowd itself 
off the band. This was already too 
apparent, said Hanna, at the high 
end of the a-m broadcast band at 
night. 

Many f-m stations hope to use 
multiplex operation to augment 
their incomes. Multiplex operation 
is often recommended in connec- 
tion with stereophonic broadcasts. 
Although stereophonic broadcasts 
are being made (for instance, by 


WBAI in New York City), and al- 
though receiver-converters are man- 
ufactured by some companies (for 
instance, Madison-Fielding and 
Fischer), the market for these 
broadcasts has remained small. 

I believe that transistorized f-m 
receivers are in the offing. Their 
main deterrent until now has been 
the high cost of high-frequency 
transistors. Recently, however, 
Philco marketed a_transistorized 
television set. If these or similar 
sets prove popular, the cost of 
high-frequency transistors wil] 
probably come down, and transis- 
torized f-m receivers will become 

ractical. 

While the fidelity of f-m broad- 
casting is undeniable, I disagree 
with Mr. Hanna that f-m will re- 
place a-m. Rather, I believe that 
f-m broadcasting will find an 
equilibrium with the other mass 
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media, just as newspapers, movies, 
a-m broadcasting, and television 
each attained some kind of stable 
equilibrium with its predecessor. 
I have strong faith that the NAFMB 
will succeed in promoting the 
medium to advertisers and that, 
within ten years, f-m will have 
a coverage and an income com- 
parable to a-m. 


FOOTNOTES 


‘Carson, “Notes on the Theory of 
Modulation,” Proceedings of the IRE, 
vol 10, 1922, p. 57. 

*“Television Time Sales 1948-1957,” 
Broadcasting Yearbook 1957, p. B-135. 
*Contrast the figures in Broadcasting 
Yearbook, 1958, p. B-134 with Fig. 2. 
‘Lyman Allen, “What Makes FM Suc- 
ceed” North Lincoln, Massachusetts, 
p. 36. 

* Ibid., p. 36. 

* Ibid., p. 37. 

*“FM Sounds Battle Cry,” ‘Broadcast- 
ing, September 28, 1959, p. 104. 
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Fig. 4: The growth of radio has been much slower than the 

growth of television. The shaded portion of each bar shows 

the number of homes with T-V. The total bar height shows the 

number of homes with radio. Data taken from Broadcasting 
Yearbook, 1957. 


Fig. 5: The public has turned from radio to television for 

entertainment. The shaded portion of each bar shows radio 

listening hours; the unshaded portion shows television viewing 
hours. Data taken from Broadcasting Yearbook, 1957. 
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General Electric 


A dual stylus, having one needle for 78 
RMP records and one for 33.3 RPM 
records, is often mounted on a single 
cartridge, as in the cartridge to the left. 


PHONOGRAPH PICKUP CARTRIDGES 


by Joseph F. Thomas, Jr. EP °63 


Many people today are enjoying 
high quality sound reproduction or 
high fidelity. Hi-fi, as it has come 
to be called, is a rapidly growing 
hobby, and a full appreciation of 
it requires a reasonable under- 
standing of the operation of a high 
fidelity system, Such a system 
essentially consists of three main 
parts. 

A pickup device translates the 
mechanical movements of the sty- 
lus in the record groove into an 
electrical current, an amplifier 
magnifies this signal to a useful 
strength, and a speaker reconverts 
this electrical current into mechan- 
ical motion producing audible 
sound waves. Perhaps the most 
important part of the system is the 


€=0 


pickup cartridge, for it produces 


the original audio signal. 


Piezo-Electric Cartridges 

The earliest satisfactory car- 
tridges were the piezo-electric crys- 
tal type. In these cartridges, the 
stylus was attached to a Rochelle 
salt crystal. When such crystals are 
distorted, they produce electrical 
voltages directly proportional to 
the amount of distortion imposed 
upon them. The movements of the 
stylus distort the crystal, and 
produce currents which correspond 
in amplitude and frequency to the 
signal originally recorded on the 
record. The successful operation of 
these cartridges was hindered by 
several adverse properties of the 
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Fig. 1: The distribution of charge in a ceramic element under stress is proportional to 
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the stress. 
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Rochelle salt crystals. They were 
seriously affected by changes in 
temperature and humidity, and 
they had an upper frequency limit 
of only ten kilocycles, 

These difficulties were overcome 
in 1946, when the ceramic cartridge 
was developed. The basic opera- 
tion was similar to that of the crys- 
tal cartridge, i.e., stylus motion 
caused production of output volt- 
age proportional to the stress on 
the pickup element. The difference 
was in the material undergoing the 
stress. The old Rochelle Salt had 
been replaced by a ceramic ele- 
ment consisting of two layers of 
barium titanate separated by a 
metal member and coated with a 
thin layer of silver. The cartridges 
made by this new technique re- 
sponded to the full range of audi- 
ble sound, and were not affected 
by atmospheric conditions. 


The Magnetic Cartridge 

Not all cartridges, however, op- 
erate on the piezo-electric prin- 
ciple. The most popular hi-fi 
pickup today is the magnetic car- 
tridge. Although it is more complex 
and produces a feebler output sig- 
nal than the piezo-electric car- 
tridge, it is the kind that is used in 
most hi-fi phonograph systems, 
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The magnetic cartridge is based 
on the principle of electromagnetic 
induction which states that an 
electrical current can be induced 
in a conductor if that conductor 
is made to move through a mag- 
netic field. There are several me- 
chanical systems which can be 
used in the cartridges to produce 
this effect. 

Variable reluctance cartridges 
produce a current by varying the 
reluctance of a magnetic circuit. 
This is done by changing the size 
of an air gap in the circuit, which 
varies the magnetic field, and, in 
turn, induces voltage in a coil en- 
circling a part of the circuit. Such 
a circuit is analagous to an electri- 
cal circuit consisting of a battery 


Benson Simon 


A bottom view of a Sonotone ceramic piezo electric crystal shows the method of 
mounting it in a Gerard changer shell. 


nesium beam which causes rota- 
tion of the magnet on a vertical 


General Electric 


This cross section of the General Electric single stylus magnetic cartridge illustrates 
(at right) the method of mounting the stylus in relation to the moveable magnetic core. 


and a resistance in series. A change 
in the resistance will produce a 
corresponding change in the cur- 
rent. These circuits are illustrated 
in Fig. 2. 

In the construction of the vari- 
able reluctance cartridges, two 
windings are connected in series 
on a magnetic core. The cartridge 
is assembled so that the movements 
of the stylus will move a metal ele- 
ment in the air gap. A simplified 
schematic diagram of the cartridge 
is shown in Fig. 3. 

A second way of utilizing the 
principle of electromagnetic induc- 
tion is in the dynetic system. The 
cartridge employs a moving mag- 
net in a fixed coil, The magnet is 


attached to the stylus by a mag- 
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axis. This system allows the car- 
tridge to have very high compli- 
ance. Compliance is the ease with 
which the needle can be moved, 
and is expressed in cm/dy. It is an 


Benson Simon 


important characteristic of phono- 
graph cartridges. 


Output and Equalization 

While magnetic and ceramic 
cartridges both perform the same 
basic function, there are two major 
differences in their operating char- 
acteristics that must be provided 
for in the hi-fi system. The first is 
the strength of the signal produced. 
It was stated earlier that the signal 
from the pickup must be amplified 
in order to drive the speaker. If a 
ceramic cartridge is used, a simple 
power amplifier is sufficient for 
doing this job. This is not the case, 
however, with a magnetic car- 
tridge. The signal from a magnetic 
cartridge is many times weaker 
than the signal from its ceramic 
counterpart. A power amplifier 
alone could not amplify the signal 
enough to drive a speaker; a pre- 
amplifier, therefore, must be in- 
stalled between the cartridge and 
the power amplifier to boost the 
output signal to a level comparable 
to that from a ceramic cartridge. 

The second difference is the 
“equalization” required for the car- 
tridges. The current produced by 


This bottom view of a Shure dynetic cartridge shows the standard four lead mounting 
enclosure. 


25 





Take advantage of the 


MECHANICAL 
ADVANTAGE 


The screw is a combination of two 
mechanical principles: the lever, 
and the inclined plane in helical 
form. The leverage applied to the 
nut combines with motion of the nut 
around the bolt to exert tremendous 
clamping force between the two. 

One of the greatest design errors 
today, in fact, is failure to realize 
the mechanical advantages that 
exist in standard nuts and bolts. 
Smaller diameters and less costly 
grades of fasteners tightened to 
their full capacity will create far 
stronger joints than those utilizing 
bigger and stronger fasteners tight- 
ened to only a fraction of their 
capacity. Last year, one of our engi- 
neers showed a manufacturer how 
he could save $97,000 a year simply 
by using all the mechanical advan- 
tages of a less expensive grade. 

When you graduate, make sure 
you consider the mechanical advan- 
tages that RBaW fasteners provide. 
And make sure, too, that you con- 
sider the career advantages RB&W 
offers mechanical engineers—in the 
design, manufacture and application 
of mechanical fasteners. If you’re 
interested in machine design—or 
sales engineering, write us for more 
information. 


RUSSELL, BURDSALL a WARD 
BOLT AND NUT COMPANY 
Port Chester, N. Y. 





the ceramic cartridge is directly 
proportional to the amplitude of 
the motion of the stylus. The volt- 
age produced by the ceramic ele- 
ment is unaffected by frequency, 
and no “equalization” is necessary. 
The voltage produced by a mag- 
netic cartridge, however, is directly 
proportional to the velocity of the 
stylus. Since the stylus must move 
ten times faster to follow a ten 
kilocycle note than a one kilocycle 
note, the voltages produced differ 
by a factor of ten, Since this com- 
pletely distorts the audio signal, the 
voltages must be corrected for fre- 
quency, or “equalized,” during the 
preamplifying stage. 


Radio Cartridges 

While piezo-electric and mag- 
netic cartridges are the two main 
types on the market today, a group 
of radio cartridges is being de- 
veloped. In these cartridges, a 
small RF voltage is generated in- 
side the cartridge and is then mod- 
ulated by the motions of the 
stylus. In the “AM” type, a vane on 
the stylus assembly varies the in- 
ductance of a coil which is part 
of an RF oscillator. In this way a 
signal is generated. In the “FM” 
type, the stylus is attached to one 
plane of an electrical condenser. 
Movement of the stylus causes a 
change in the capacitance of the 
condenser. The FM cartridge has 
an excellent frequency range and 
has very low distortion. It is not in 
wide use however, due to circuit 
complications. 


Stereo 

The cartridges discussed so far 
are useful for playing monophonic 
records only, On stereo records, a 
different sound track is recorded 
on each side of the record groove. 
These sound tracks must be repro- 
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Ted Loane 
Fig. 3: Operational variable reluctance 
type cartridge. 


duced through separate amplifier 
and speaker systems to create the 
stereo effect. 

The fact that the two separate 
sound tracks are placed on oppo- 
site sides of the same record groove 
obviously will cause a great prob- 
lem in cartridge design. The same 
basic electrical principles are uti- 
lized, but ingenious mechanical 
systems are used to separate the 
two sound channels. 

First the cartridge must resolve 
the three dimensional motion of 
the stylus into two components. 
The cartridge must then translate 
these motions into two electrical 
currents. 

In one type of stereo cartridge, 
the stylus is fastened to a lever. 
The other end of the lever is a rec- 
tangular assembly containing four 
hard jewel pivots. The pivots are 
coupled to yokes fastened to the 
generating coils. When the stylus 
of this mechanism is placed upon 
a record, the motion from the inner 
wall of the record groove results 
in a rotation of the inner coil only. 
The motion from the outer wall of 
the groove turns the outer coil. In 
operation, these motions take place 
at very high speeds, and produce 


the two separate audio channels. 















































Ted Loane 


Fig. 2: The variable reluctance magnetic circuit and its electrical analog. 
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eee AND DICK MASLOWSKI 


They’re transmission engineers with Michigan Bell 
Telephone Company in Detroit. Burnell graduated 
from Western Michigan in 1951 with a B.S. in 
Physics, spent four years in the Navy, then joined 
the telephone company. His present work is with 
carrier systems, as they relate to Direct Distance 
Dialing facilities. 

Dick got his B.S.E.E. degree from Michigan 
in 1956 and came straight to Michigan Bell. He 
is currently engineering and administering a pro- 
gram to utilize new, transistorized repeater (ampli- 
fier) equipment. 


Both men are well qualified to answer a ques- 
tion you might well be asking yourself: “What's 
in telephone company engineering for me?” 


SAYS DICK: 


“There’s an interesting day’s work for you every 
day. You really have to use your engineering train- 
ing and you’re always working with new develop- 
ments. Every time Bell Laboratories designs a new 
and more efficient piece of equipment, you are 
challenged to incorporate it in our system effec- 
tively and economically. For example, I have been 
working on projects utilizing a newly developed 
voice frequency amplifier. ir's a plug-in type— 
transistorized—and consumes only two watts, so it 
has lots of advantages. But I have to figure out 
where and how it can be used in our sprawling 
network to provide new and improved service. 
Technological developments like this really put 
spice in the job.” 


ye Se To ee 


SAYS BURNELL: 


“Training helps, too—and you get the best. 
Through an interdepartmental training program, 
you learn how company-wide operations dovetail. 
You also get a broad background by rotation of 
assignments. I’m now working with carrier sys- 
tems, but previously worked on repeater (ampli- 
fier) projects as Dick is doing now. Most 
important, I think you always learn ‘practical engi- 
neering.’ You constantly search for the solution 
that will be most economical in the long run.” 


oes 


There’s more, of course—but you can get the 
whole story from the Bell interviewer. He’ll be 
visiting your campus before long. Be sure to sit 
down and talk with him. 


BELL TELEPHONE COMPANIES (A) 
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engineers 


and what they do 


The field has never been broader 
The challenge has never been greater 


Engineers at Pratt & Whitney Aircraft today are concerned 
with the development of all forms of flight propulsion 
systems—air breathing, rocket, nuclear and other advanced 
types for propulsion in space. Many of these systems are so 
entirely new in concept that their design and development, 
and allied research programs, require technical personnel 
not previously associated with the development of aircraft 
engines. Where the company was once primarily interested 
in graduates with degrees in mechanical and aeronautical 
engineering, it now also requires men with degrees in 
electrical, chemical, and nuclear engineering, and in physics, 
chemistry, and metallurgy. 


Automatic systems developed by instrumentation Included in a wide range of engineering activities open to 
engineers allow rapid simultaneous recording technically trained graduates at all levels are these four 
of data from many information points. basic fields: 


ANALYTICAL ENGINEERING Men engaged in this 
activity are concerned with fundamental investigations in 
the fields of science or engineering related to the conception 
of new products, They carry out detailed analyses of ad- 
vanced flight and space systems and interpret results in 
terms of practical design applications. They provide basic 
information which is essential in determining the types of 
systems that have development potential. 


DESIGN ENGINEERING The prime requisite here is an 

active interest in the application of aerodynamics, thermo- 

dynamics, stress analysis, and principles of machine design 

to the creation of new flight propulsion systems. Men en- 

gaged in this activity at P&WA establish the specific per- 
Frequent informal discussions among analytical formance and structural requirements of the new product 
engineers assure continuous exchange of ideas and design it as a complete working mechanism. 


on related research projects. EXPERIMENTAL ENGINEERING Here men supervise 
- and coordinate fabrication, assembly and laboratory testing 
of experimental apparatus, system components, and devel- 
opment engines. They devise test rigs and laboratory setups, 
specify instrumentation and direct execution of the actual 
test programs. Responsibility in this phase of the develop- 
ment program also includes analysis of test data, reporting 
of results and recommendations for future effort. 


MATERIALS ENGINEERING Men active in this field 
at P&WA investigate metals, alloys and other materials 
under various environmental conditions to determine their 
usefulness as applied to advanced flight propulsion systems. 
They devise material testing methods and design special 
test equipment. They are also responsible for the determina- 
tion of new fabrication techniques and causes of failures or 
manufacturing difficulties. 


Under the close supervision of an engineer, 
final adjustments are made on a rig for 
testing an advanced liquid metal system. 
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Exhaustive testing of full-scale rocket engine thrust chambers is 
carried on at the Florida Research and Development Center. 


For further information regarding an engineer- 
ing career at Pratt & Whitney Aircraft, consult 
your college placement officer or write to Mr. 
R. P. Azinger, Engineering Department, Pratt & 
Whitney Aircraft, East Hartford 8, Connecticut. 


PRATT & WHITNEY AIRCRAFT 


Division of United Aircraft Corporation 
CONNECTICUT OPERATIONS — East Hartford 
FLORIDA RESEARCH AND DEVELOPMENT CENTER — Palm Beach County, Florida 
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THE PRESIDENT’S LETTER— 


THE FOURTH DIMENSION 


To those of you who are not acquainted with the 
terminology “Fourth Dimension”, let me explain that 
fourth dimensional work means doing something a 
little bit over and beyond the work which is actually 
required. For example, a man who takes his own time 
and attends night school to obtain his Masters Degree 
participates in fourth dimension work. The same is 
true of a man who writes technical articles on his own 
time and his own initiative. Examples of fourth di- 
mension work could continue along in the same vein 
as previously mentioned, but there is no sense in tak- 
ing up the space available to me here to cite many 
examples. The big thing is that how many of us, both 
in college and in our business life, do more than the 
minimum necessary. For example, being a commuter 
myself and living approximately 50 miles from New 
York City, my place of business, I well realize what 
a great temptation it is to pick up the newspaper or 
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a magazine, and to put all technical thoughts out of 
my mind, However, instead I take this train time to 
mull over and think out a problem that has arisen 
during the course of the business day. In the long run 
the man who does take time for this extra-curricular 
application of his mind does enjoy the “fruits of the 
harvest” ultimately, even though in many cases it may 
simply be the satisfaction of knowing that he has done 
more than is required to simply exist or eke out a 
living. 

In closing, what better fourth dimension activity 
could any graduate Cornellian think of than the ac- 
tivity of this Society? Again let me urge all that are 
within a reasonable distance of the meeting points of 
the Society to attend as many of the Society functions 
as they can. 

STEPHEN D, TEETOR "43 
President 
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Kraig Brigden, B.E.E. ’52, re- 
cently joined the staff of Thomp- 
son-Ramo-Wooldridge Products Co. 
in Los Angeles where he is work- 
ing in data handling and market 
systems involving the use of com- 
puters. Mr. Brigden was with 
Space Technology Laboratories be- 
fore joining Thompson-Ramo- 
Wooldridge. He also has done grad- 
uate work in electrical engineering 
at the University of Pennsylvania. 


George H. Lockwood, M.E. ’43, 
has been appointed manager of 
development and research of Heald 
Machine Co., Worcester, Mass. He 
had been serving as supervisor of 
grinding engineering and had also 
been in charge of special projects. 


William A. Robinson, M.E. ’06, 
has retired after fifty years of man- 
ufacturing, thirty as superintendent 
and president of Charter Gas En- 
gine Co. and twenty as principal 
owner of Charter Wire Products. 


Henry G. Warnick, M.E. ’24, 
is now supervising engineer in the 
Westchester area for New York 
Telephone Company. He has been 
with the Company thirty-one years. 


William P. Bamford, C.E. °33, 
has been appointed director of 
glass specifications for Libby- 
Owens-Ford Glass Co., Toledo, 


Alumni News 


William P. Bamford 
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Ohio, He joined the Company in 
1935, and became assistant plant 
manager at Rossford, Ohio, in 
1956. 


Martin Goland, M.E. °40, has 
been elected president of South- 
west Research Institute, San An- 
tonio, Texas. He joined the organi- 
zation as chairman of the engineer- 
ing mechanics division in 1946 and 
was made director of engineering 
sciences in 1950. He is chairman 
of the committee on structural dy- 
namics of the National Aeronautics 
and Space Administration and edi- 
tor of Applied Mechanics Review. 


Alumni News 


Martin Goland 


W. Dean Wallace, M.E. ’40, 
is now director of corporate devel- 
opment for Porter-Cable Machine 
Co., Syracuse. 


E. Kenneth Leins, B.Chem.E. ’47, 
has taken on a new assignment in 
the branch sales office of Solvay 
Process Division of Allied Chemi- 
cal Corp. in New Orleans. Mr. 
Leins went into the Solvay techni- 
cal service in 1952 and was made 
production section manager in 
1956. He has also been assistant 
general manager, technical service. 
Now he will cover Louisiana and 
southern Arkansas for the Solvay 
sales department. 


Winfield Shiras 


Winfield Shiras, B.E.E. ’48, has 
been named vice president and 
general manager of Telex, Inc. 
Telex produces electronic systems 
for industrial and military applica- 
tions and precision components for 
commercial and industrial use. 
Telex is also a leading manufac- 
turer of hearing aids. 

Mr. Shiras had been with West- 
inghouse Electric Corporation for 
nine years, having held a number 
of supervisory and executive posi- 
tions, These included the posts of 
manager of materials and services 
for the Corporation’s Meter, Instru- 
ment, and Relay Division in New- 
ark, New Jersey and director of 
purchases for the General Products 
Divisions. He also served two years 
as internal management consultant 
on special assignments to corporate 
top management. 

After graduating from Cornell in 
1948, he received his Master’s De- 
gree in business administration 
from Harvard Business School in 
1950. 


Robert W. Engelbert, B.C.E. ’49, 
has been appointed assistant chief 
engineer of the southern steel dis- 
trict of Republic Steel Corp. He 
was transferred from the Buffalo 
division to Gadsden, Ala. 


Lawson F. Singer, B.E.E. °49, 
has been promoted to engineering 
section head for radar systems in 
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the search radar engineering de- 
partment of the surface armament 
division of Sperry Gyroscope Co. 


Ted Roehner, B.Chem. ’24, has 
left his fifteen-year post as manager 
of technical service labs, Socony 
Vacuum Oil Co., to take up new 
duties at headquarters as manager 
of the technical service division for 
the research department of his 
company. Under his new position 
the technical service function is 
broadened and covers both Pauls- 
boro and Brooklyn. Upon gradua- 
tion, he spent the next six years in 
Chile as test engineer and assistant 
chief chemist with Braden Copper 
Co. He is chairman of the National 
Lubricating Grease Institute tech- 
nical committee and was formerly 
chairman of the American Society 
of Lubrication Engineers technical 
committee and of Section III of 
ASTM Technical Committee G. He 
is a member of the American As- 
sociation for the Advancement of 
Science, American Chemical So- 
ciety, American Ordnance Associa- 
tion, American Petroleum Institute, 
Cornell Engineers’ Club, and Sigma 
Xi. In 1945 Mr. Roehner received 
the Naval Ordnance Development 
Award and in 1952, the National 
Lubricating Grease Institute Award. 


Donald Griffin, B.M.E. ’51, is a 
senior engineer at Bettis Atomic 
Power Division of Westinghouse 
Electric. Mr. Griffin received the 
Ph.D. in engineering mechanics at 
Stanford in June. 


Thomas C. Borland, M.E. 735, 
has been nominated by Cornell 
University for the 1959 Sports II- 
lustrated Silver Anniversary All 
America Award. At Cornell he was 
guard on the varsity football team 
for three years and rowed on var- 
sity crew for two years, becoming 
captain his senior year. 

Upon graduation from Cornell in 
1935, he joined Pan American Pe- 
troleum Corporation (then Stano- 
lind Oil and Gas Co.) in East Tex- 
as as a roustabout and progressed 
through engineering channels, 

Mr. Borland joined the Navy in 
1942 but returned to inactive duty 
in December, 1945, having attained 
the rank of lieutenant commander. 

He rejoined Pan American as a 


Sports Illustrated 
Thomas C. Borland 


member of its general office engi- 
neering staff in Tulsa in February, 
1946. In June, 1947, he was named 
district engineer of the Houston, 
Texas, district; later that same 
year he became assistant division 
engineer for the Texas-Louisiana 
Gulf Coast division at Houston, 
and in July, 1948 he advanced to 
division engineer. 

He moved to Oklahoma City in 
January, 1951, as assistant division 
production superintendent for the 
Central division. He was_trans- 
ferred to the Canadian division at 
Calgary in May, 1955, and was 
promoted to division production 
superintendent. 

In June, 1958, he was elected 
vice president-production and a di- 
rector of Pan American Interna- 
tional Oil Company, a subsidiary 
of Pan American Petroleum Corp. 

Still sports-minded, Mr. Borland 
now plays tennis and golf and also 
swims. He is an active member of 
the American Petroleum Institute 
and the Pan American Society of 
the United States, Inc. 





On November 16, 1959, the Chi- 
cago Chapter of the Cornell Society 
of Engineers heard an excellent talk 
on the missile defenses in the Chi- 
cago area given by Brigadier Gen- 
eral Frederick W. Ellery. The fol- 
lowing officers were elected for the 
year 1959-1960: president, John P. 
Gnaedinger, B.C.E. ’47; vice presi- 
dent, John Ehret, B.M.E. ’51; secre- 
tary, Albert E. Pyott, B.M.E. 53; 
treasurer, James Judd, "44, 
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Guided tour 
of the 
solar system 


The new NASA Thor-boosted research rocket, DELTA, now being con- 
structed by Douglas, will set up big signposts for further space explorations. 
Combining elements already proved in space projects with an advanced 
radio-inertial guidance system developed by the Bell Telephone Laboratories 
of Western Electric Company, DELTA will have the versatility and accuracy 
for a wide variety of satellite, lunar and solar missions. Douglas insistence 
on reliability will be riding with these 90 foot, three-stage rockets on every 
shoot. At Douglas we are seeking qualified engineers to join us on this and 
other equally stimulating projects. Write to C. C. LaVene, Box B-600, Douglas 
Aircraft Company, Santa Monica, California. 


Maxwell Hunter, Asst. Chief Engineer—Space Systems, goes over a 
proposed lunar trajectory with Arthur E. Raymond, DO U G LAS 
Senior Engineering Vice President of 
MISSILE AND SPACE SYSTEMS If MILITARY AIRCRAFT Il DC-8 JETLINERS Ill CARGO TRANSPORTS I AIRCOMB Ii GROUND SUPPORT EQUIPMENT 
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Purity Plus— Hughes Products Division engineer checks 
semiconductor materials to insure purity. 


Exit cones capable of withstanding temperatures of 6000° F. 
represent one example of advanced engineering being performed 
by the Hughes Plastics Laboratory. 


an atomic clock in orbit 


To test Einstein’s general theory of relativity, scien- 
tists at the Hughes research laboratories are devel- 
oping a thirty pound atomic maser clock (see photo 
at left) under contract to the National Aeronautics 
and Space Administration. Orbiting in a satellite, 
a maser clock would be compared with another 
on the ground to check Einstein’s proposition that 
time flows faster as gravitational pull decreases. 


Working from the new research center in Malibu, 
California, Hughes engineers will develop a MASER 
(Microwave Amplification through Stimulated 
Emission of Radiation) clock so accurate that it 
will neither gain nor lose a single second in 1000 
years. This clock, one of three types contracted 
for by NASA, will measure time directly from the 
vibrations of the atoms in ammonia molecules. 


Before launching, an atomic clock will be syn- 
chronized with another on the ground. Each 
clock would generate a highly stable current with 
a frequency of billions of cycles per second. Elec- 
tronic circuitry would reduce the rapid oscillations 
to a slower rate in order to make precise laboratory 
measurements. The time “ticks” from the orbiting 
clock would then be transmitted by radio to com- 
pare with the time of the clock on earth. By meas- 
uring the difference, scientists will be able to check 
Einstein’s theories. 


In other engineering activities at Hughes, research 
and development work is being performed on such 
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projects as advanced airborne systems, advanced 
data handling and display systems, global and spa- 
tial communications systems, nuclear electronics, 
advanced radar systems, infrared devices, ballistic 
missile systems... just to name a few. 


The rapid growth of Hughes reflects the continuous 
advance in Hughes capabilities — providing an ideal 
environment for the engineer or physicist, whatever 
his field of interest. 





ELECTRICAL ENGINEERS AND PHYSICISTS 
Members of our staff will conduct 
CAMPUS INTERVIEWS 
MARCH 2 and 3, 1960 


For interview appointment or informational 
literature consult your College Placement Director. 
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PHYSICIST CLIMBS MOUNTAIN 
TO TEST FOR NEW PARTICLE 


A 33-year-old (ornell University 
nuclear physicist#avhose hobby is 
mountain climbing, disclosed that 
he struggled 10,600 ft up a moun- 
tain with a colleague-to investigate 
the alleged discovery of a new 
atomic particle by Russian scien- 
tists, 

Jay Orear, an associate profes- 
sor at Cornell who studied under 
the great Enrico Fermi, is also in- 
vestigating in the laboratory the 
existence of another particle 
claimed to have been discovered 
recently by a Communist scientist. 

A paper published in The Physi- 
cal Review by Associate Professor 
Orear reported evidence compiled 
by him and colleagues against the 
existence of the “mass-500 particle,” 
claimed to have been discovered by 
Russian physicists Alikhanian, 
Shostakovich, Dadain, Federov and 
Deriagin. The Russians had pub- 
lished their findings in the Journal 
of Experimental Theoretical Phys- 
ics, a Soviet publication. 

Precisely duplicating the work of 
the Russians, the Cornell researcher 
scaled Mt, San Jacinto in California 
to an altitude of 10,600 ft. The 
Russian team had conducted their 
research at exactly the same altitude 
in the U.S.S.R., according to the 
Russian report. 

“Particles were detected by a 
method which would have estab- 
lished the existence of a mass-500 
particle on the basis of a single oc- 
currence. The non-occurrence of 
such particles failed to confirm and, 
in fact, contradicted the particle 
abundance reported by Alikhanian 
and his co-workers,” Associate 
Professor Orear said. 

His current effort is aimed at in- 
vestigating the claim of a Com- 
munist scientist who revealed that 
he had discovered a new particle 
by using the world’s largest known 
atom-smashing machine at Dubna 
near Moscow. 

Associate Professor Orear is the 
principal scientist involved in Cor- 
nell University’s receiving a two- 
year research grant of $99,400 
from the National Science Founda- 
tion. 
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He said that some of the money 
that has been granted will be ysed 
in exploring the Mu migson, a par- 
ticle mystifying to nuclear physi- 
cists because it behaves like a 
normal electron although it is 210 
times as heavy. The interactions of 
Mu mesons with silver and bromine 
nuclei will be studied by bombard- 
ing nuclear emulsions with Mu 
mesons. 

According to the Cornell nuclear 
physicist, “The laboratory investi- 
gation to which the Mu will be 
submitted should either reveal con- 
clusive differences between it and 
a normal electron, or convince us 
even more that it behaves in all 
respects like a normal electron.” 

“In the past, lead has been used 
as a vehicle to gather data on the 
nuclear interaction of Mu mesons. 
We have calculated that our use 
of silver and bromine will permit 
deeper penetration inside the nuclei 
by the Mu mesons and perhaps 
enable us to detect behavior hereto- 
fore unknown.” 


CLARK DESCRIBES RESEARCH 
PLANS FOR NEW REACTOR 


In a recent lecture, Professor 
David D. Clark of the department 
of engineering physics outlined 
plans for research and teaching 
with the new Cornell Reactor Cen- 
ter. Construction of the Center is 
to begin this spring. 


Delia Corkey 

Professor David D. Clark of the Depart- 

ment of Engineering Physics lectured 

recently on the research and instruction 

to be carried on at the new Cornell 
Nuclear Reactor Center. 


The facilities are designed for 
instruction and for research by fac- 
ulty members and graduate stu- 
dents. Professor Clark emphasized 
that there is a need for a reactor 
facility to be used for purely aca- 
demic research only. He said that 
work at the reactors owned by the 
government and by various in- 
dustrial concerns is _ generally 
aimed at solving specific problems 
encountered on specific projects. 
Research at the Cornell reactor is to 
center around problems of general 
theoretical interest. 

The Center will contain three 
major facilities, a gamma irradia- 
tion cell, a zero-power reactor, and 
a Triga swimming pool reactor. The 
gamma source produces very little 
heat and it will be used primarily 
to study certain chemical reactions. 

Professor Clark stated that the 
zero-power reactor is designed to 
operate at a maximum power out- 
put of 10 w. The neutron flux is 
very low and consequently none of 
the components get very radioac- 
tive; they can therefore be taken 
apart and rearranged easily. Thus 
it will be a very convenient instru- 
ment in research for which high 
power levels are not necessary. 

The swimming pool reactor is, 
according to Professor Clark, de- 
signed to operate at about 10 kw. 
He asserted that a reactor produc- 
ing a great deal of heat is very 
difficult to work with and is in- 
convenient for research. Professor 
Clark explained that the Cornell 
reactor will, however, be capable 
of short “pulses” up to 1000 mega- 
watts for 20 to 30 milliseconds. He 
stated that the neutron flux during 
these pulses will be greater than 
that in any steady-state reactor, 
real or contemplated. He explained 
that the large neutron fluxes allow 
the addition of several neutrons to 
stable nuclei. Reactions of these 
highly unstable isotopes are similar 
to those which take place on stars. 

The undergraduate program for 
engineering students wishing to 
specialize in reactor technology 
consists of courses in the following 
subjects: atomic physics, nuclear 
and reactor physics, nuclear meas- 
urement laboratory, fuel processing 
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and reactor shielding, nuclear re- 
actor materials, and heat transfer. 


UNIVERSITY PROVIDES LAND FOR 
INDUSTRY RESEARCH WORK 

A research center, operated by 
private industries in cooperation 
with the University, is to be con- 
structed on University-owned land 
adjacent to the Tompkins County 
Airport. 

The new General Electric Ad- 
vanced Electronics Center building 
is now under construction and is 
scheduled for completion in 1960. 
It is expected that as more indus- 
tries arrange for research facilities 
at the Park, a supporting residential 
community will rise nearby. This 
community will be formulated and 
grow according to a design pre- 
pared by the staff of the depart- 
ment of city and regional planning 
of the College of Architecture. 
Contribution to the design will be 
made by a committee representing 
a number of divisions of the Uni- 
versity. 

The financing of buildings for 
industry research purposes may 
come either from the industry or 
from other sources. Cornell stipu- 
lates that the establishments which 
will form its Industry Research 
Park are restricted to research facil- 
ities rather than facilities for pro- 
duction purposes. 

“Cornell University is strength- 


ening its own ability for partner- 
ship by establishing near its cam- 
pus the Cornell University Industry 
Research Park,” stated Deane W. 
Malott, president of the University. 
“This is a new, though not untried, 
venture—and one for which we have 
high hopes for a close relationship 
of mutual advantage with industrial 
enterprises interested in research 
and the University facilities which 
we stand ready to extend.” 


MACKEY DISCUSSES USES 
OF SOLAR RADIATION 


Recently Professor C. O. Mackey, 
head of the department of thermal 
engineering, delivered a lecture on 
new applications of solar energy. 
He discussed radiant energy traps; 
the domestic use of solar energy 
for heating; and solar heat ex- 
changers, refrigerators, and stills. 
Professor Mackey also commented 
on Cornell’s interests in solar en- 
ergy. 

At the beginning of his lecture, 
Professor Mackey stated that the 
equilibrium temperature of an ir- 
radiated body could be varied 
from 40 to 300 F by the application 
of various metallic coatings. For 
example, a nickel-plated object can 
approach 300 F under solar radia- 
tion while a black body is at 
equilibrium at only 40 F under the 
same amount of irradiation. 

He pointed out that glass may be 


used as an “energy trap” since it 
transmits radiation in the visible 
range but does not transmit radia- 
tion of long wave length coming 
from low temperature sources. 
Thus the radiation emitted inside 
a glass “greenhouse” is not trans- 
mitted to the outside while the 
solar energy comes through the 
glass easily. Professor Mackey 
pointed out that for maximum ef- 
ficiency, any absorbing device 
should be mounted at an angle 
equal to the latitude of the loca- 
tion. But if more heat were desired 
during the winter months, for ex- 
ample, the angle could be changed 
to compensate, 

Solar energy can be concentrated 
by parabolic reflectors. Professor 
Mackey mentioned that Army 
searchlights make excellent solar 
reflectors, having a concentrating 
power of 46,200. 

Professor Mackey discussed the 
possibilities of the domestic use of 
solar energy. In Australian experi- 
ments, 640 Btu per sq ft per day 
was collected in a unit designed to 
heat water for domestic use. The 
“Denver. House” with a 32 sq ft 
collecting surface produced 25 per 
cent of the daily heat requirement. 
Air circulating behind glass was 
heated by the sun; a large column 
filled with 10 tons of gravel acted 
as a heat exchanger. 

Professor Mackey discussed solar 
refrigerators as well as solar stills, 


The General Electric Advanced Electronics Center, to be completed in 1960, will be the first building in Industry Research Park. 
The Center is being constructed on University-owned land near the Tompkins County Airport. Scientists from the University will 
join those from General Electric on research to be performed with these facilities. 
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devices used for condensing water 
vapor from the air by cooling. The 
present limitation on both of these 
devices is their cost. The solar still 
would, naturally, be a feasible 
water source only in desert regions 
where the water would otherwise 
have to be imported. 

At the close of his lecture, Pro- 
fessor Mackey also mentioned Cor- 
nell’s interest in solar energy. The 
University recently purchased an 
Army searchlight, the reflector of 
which is to be used in metallurgical 
studies. 


ME SCHOOL RECEIVES FIVE 
RESEARCH PROJECT GRANTS 


Professor Howard N. McManus, 
Jr., of the department of thermal 
engineering in the Sibley School of 
Mechanical Engineering, has been 
awarded a grant of $35,700 for a 
3-year period by the National Sci- 
ence Foundation for a research 
project entitled, “Momentum and 
Energy Transport between Plates 
of Unequal Roughness.” 

This basic research study will be 


concerned with the heat transfer, 
the velocity profiles, and the drop 
in pressure that occur when air 
flows between two surfaces of un- 
equal roughness. 

Professor Benjamin Gebhart, of 
the thermal engineering depart- 
ment in the Sibley School, has just 
received a grant of $19,200 for a 
2-year period by the National 
Science Foundation for a research 
project, “Transient Natural Con- 
vection Process.” 

In addition to the new grants 
listed above, several extensions of 
existing research contracts have 
been received. 

Professor H. N. McManus, Jr. 
received $14,000 more on_ his 
U.S.A. Ordnance Project, “Investi- 
gation of Liquid Distribution and 
Surface Character in Horizontal 
Annular Two-Phase Flow.” 

Professor Robert E. Bechhofer of 
the industrial and engineering ad- 
ministration department received 
an extension on the grant for his 
U.S. Air Force project, “Statistical 
Multiple Decision Procedures.” Pro- 


fessor Bechhofer has directed this 
project since 1953 with a total al- 
location of funds from the Air 
Force of approximately $122,000. 
Professor Richard W. Conway, 
industrial & engineering administra- 
tion department, received an ex- 
tension on his Naval Ordnance Re- 
search project, “Investigation of 
Digital Systems Simulation.” 


HANS BETHE HONORED BY 
FRANKLIN INSTITUTE 


Hans A. Bethe, professor of 
physics at Cornell, received the 
Franklin Medal from Wynn L. 
Le Page, president of the Franklin 
Institute in Philadelphia. He was 
cited for “his many profound in- 
vestigations which have contributed 
significantly to our understanding 
of the physical universe from nuclei 
of atoms to the interior of the 
stars.” After receiving the award, 
the highest given by the Institute, 
Professor Bethe addressed the 400 
attending the ceremony on “Funda- 
mental Particles.” 








Starting Salaries 


One of Ithaca’s 


The Engineers and Scientists of America 
has conducted a further study of the 
trends of starting salaries for newly grad- 
uated engineers. From the data available 
we have prepared recommended mini- 
mum starting salaries for various levels 
of experience and class standing. 


nicest eating places at 


Copies of this recommended minimum 
standard have been sent to your Dean of 
Engineering, Engineering Library, Place- 
ment Director, and Chairmen of the 
Student Chapters of the various Tech- 
nical Societies. 


The COLLEGE SPA 


216 EAST STATE STREET 


We would be happy to send you a com- 
plimentary copy upon request. 
Your host, 


Engineers and Scientist i 
gi Scientists of America RES 


Munsey Building 
Washington 4, D. C, 
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e Shown above is a freon refrigeration system for 
the Boeing 707. Through its unique design, a 10-ton 
cooling capacity is provided at one-tenth the weight 
of commercial equipment. The leading supplier of 
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ENVIRONMENTAL CONTROL SYSTEMS 


manned flight environmental control systems, Garrett 
designs and produces equipment for air-breathing 
aircraft as well as the latest space vehicles such as 
Project Mercury and North American’s X-15. 


DIVERSIFICATION IS THE KEY TO YOUR FUTURE 


Company diversification is vital to the graduate engi- 
neer’s early development and personal advancement 
in his profession. The extraordinarily varied experi- 
ence and world-wide reputation of The Garrett 
Corporation and its AiResearch divisions is supported 
by the most extensive design, development and pro- 
duction facilities of their kind in the industry. 

This diversification of product and broad engineer- 
ing scope from abstract idea to mass production, 
coupled with the company’s orientation program for 
new engineers on a rotating assignment plan, assures 
you the finest opportunity of finding your most profit- 
able area of interest. 


Other major fields of interest include: 
+ Aircraft Flight and Electronic Systems—pioneer and 


THE 


major supplier of centralized flight data systems and 
other electronic controls and instruments. 


- Missile Systems — has delivered more accessory 
power units for missiles than any other company. 
AiResearch is also working with hydraulic and hot 
gas control systems for missiles. 


+ Gas Turbine Engines— world’s largest producer of 
small gas turbine engines, with more than 8,500 
delivered ranging from 30 to 850 horsepower. 


coneasenneereanantii peeeememeeases 


See the magazine, ‘The Garrett Corporation and 
Career Opportunities,” at your college placement 
office. For further information write to Mr. Gerald 


D. Bradley in Los Angeles... 


CORPORATION 


AiResearch Manufacturing Divisions 
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Los Angeles 45, California * Phoenix, Arizona 
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Systems, Packages and Components for: AIRCRAFT, MISSILE, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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Sir James Jeans... on the quest for 


“Yet we may reflect that physics and philosophy are at 
most a few thousand years old, but probably have lives 
of thousands of millions of years stretching away in front 
of them. They are only just beginning to get under way, 
and we are still, in Newton's words, like children playing 
with pebbles on the sea-shore, while the great ocean of 


truth rolls, unexplored, beyond our reach. It can hardly 


capes Re Oa 


be a matter for surprise that our race has not succeeded 
in solving any large part of its most difficult problems in 
the first millionth part of its existence. Perhaps life would 
be a duller affair if it had, for to many it is not knowledge 
but the quest for knowledge that gives the greater interest 
to thought — to travel hopefully is better than to arrive.” 


— Physics and Philosophy, 1942 


THE RAND CORPORATION, SANTA MONICA, CALIFORNIA 


A nonprofit organization engaged in research on problems related to national security and the public interest 
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Since its inception nearly 23 years ago, 
the Jet Propulsion Laboratory has given 
the free world its first tactical guided mis- 
sile system, its first earth satellite, and 
its first lunar probe. 

In the future, under the direction of the 
National Aeronautics and Space Admin- 
istration, pioneering on the space fron- 


“We do these things because of the unquenchable curiosity of 
Man. The scientist is continually asking himself questions and 
then setting out to find the answers. In the course of getting 
these answers, he has provided practical benefits to man that 
have sometimes surprised even the scientist. 








YOUR TASK FOR THE FUTURE 


tier will advance at an accelerated rate. 

The preliminary instrument explora- 
tions that have already been made only 
seem to define how much there is yet 
to be learned. During the next few years, 
payloads will become larger, trajectories 
will become more precise, and distances 
covered will become greater. Inspections 


“Who can tell what we will find when we get to the planets? 


CALIFORNIA 








will be made of the moon and the plan- 
ets and of the vast distances of inter- 
planetary space; hard and soft landings 
will be made in preparation for the time 
when man at last sets foot on new worlds. 

In this program, the task of JPL is to 
gather new information for a better un- 
derstanding of the World and Universe. 


Who, at this present time, can predict what potential benefits 
to man exist in this enterprise? No one can say with any accu- 
racy what we will find as we fly farther away from the earth, 
first with instruments, then with man. It seems to me that we 
ore obligated to do these things, as human beings.’ 


DR. W. H. PICKERING, Director, JPL 


INSTITUTE OF TECHNOLOGY 


JET PROPULSION LABORATORY 


A Research Facility operated for the National Aeronautics and Space Administration 


PASADENA, CALIFORNIA 


Employment opportunities for Engineers and Scientists interested in basic and applied research in these fields: 
INFRA-RED e OPTICS « MICROWAVE « SERVOMECHANISMS * COMPUTERS ¢ LIQUID AND SOLID PROPULSION « ENGINEERING MECHANICS 
STRUCTURES ¢ CHEMISTRY ¢ INSTRUMENTATION ¢ MATHEMATICS AND SOLID STATE PHYSICS 


Send professional resumé for our immediate consideration. Interviews may be arranged on Campus or at the Laboratory. 


JANUARY 1960 
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METALS... the challenging heart of tomorrow’s progress 


gram second to none in the industry, designed 
to give you a broad Company-wide perspective 
that will aid you materially in selecting your 
permanent assignment. 


Today the metals industry is poised at the 
threshold of its most exciting advances. New 
needs for metals yet undreamed of . . . revo- 
lutionary developments and production tech- 
niques .. . new modifications and applications 
of the basic metals . . . all spell opportunity 
for enterprising young metallurgists and engi- 
neers. Now is the ideal time to enter this chal- 
lenging field, and lay the foundation for a 
richly rewarding career. 


Bridgeport Brass Company offers a uniquely 
thorough and diversified grounding in all as- 
pects of metals from A to Z... Aluminum to 
Zirconium. Here you will find a training pro- 


Biidgeport 


To maintain its leadership in metals tech- 
nology, Bridgeport is embarking on a major 
program of expansion and product diversifi- 
cation that will provide practically unlimited 
opportunities for professional achievement and 
rewards. To learn what this can mean to your 
future, ask your placement director for a copy 
of “Careers in Metals with Bridgeport Brass”, 
or write direct to Mr. F. J. Finsinger, 30 Grand 
Street, Bridgeport 2, Conn. 


BRIDGEPORT BRASS COMPANY 


Bridgeport 2, Conn. * Sales Offices in Principal Cities 
Specialists in Metals from Aluminum to Zirconium 
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let’s level 
with 
each other 


You’re looking for a job. Not just any job, 
but one where you know for sure you'll be 
doing exactly the kind of work you are most 
interested in. One that will give you every 
chance to grow with the company. 


Sure, fringe benefits are fine. Link Aviation 
offers as good or better than the rest. But 
how about the day-to-day operation? What 
kind of assignments will you get ? Check these 
opportunities available right now at Link: 


e servo-mechanism design work 

e analog computer design, solving linear and 
non-linear differential equations. 

e function generator problems using 1, 2 or 3 
variables, utilizing both digital and analog 
techniques 

e resolving solutions relating to fire control 
equations for rockets, missiles and bombs 

e navigational equation solutions: simulation of 
fire control and navigational radar systems 

e simulation of complete missile systems 

e transistorized circuitry, pulse generation, 
amplifiers and digital computer components 

e optical and visual display systems 
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Many of the above techniques are used in 
current Link projects, such as building jet 
simulators for the Boeing 707, Douglas DC-8, 
Convair 880, Lockheed Electra, the Navy’s 
A3J jetfighter, or the fire control on the B-58. 
And there are others that we can’t talk about 
just yet. 


There they are... some of the current op- 
portunities at Link, both in Binghamton, 
New York, and in Palo Alto, California. If 
these or similar positions interest you, con- 
tact your Placement Office for an interview 
in advance. Link Aviation will be on the 
Cornell campus on Tuesday, February 9, or 
if you prefer, forward a brief resume of your 
qualifications to: 


MR. JOSEPH GARBARINO 
a 





A 
GENERAL 
PRECISION 
COMPANY 


Linx 








a 
Link Aviation, Inc. Binghamton, New York 
A Subsidiary of General Precision Equipment Corporation. 
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NEW LIQUID ROCKET FUEL 
DEVELOPED BY NAVY 

Civilian scientists of the Bureau 
of Aeronautics, U.S. Navy Depart- 
ment have developed a new type 
of liquid rocket monopropellant, 
which combines a high specific im- 
pulse with handling safety. 

Motor tests have demonstrated 
that 93-94% of the high theoretical 
impulse can easily be attained with 
chamber less than 50 in. long. 

The propellants are extremely 
stable, and hence safe to handle. 
Heating them to 320 F for 48 
hours does not cause them to ex- 
plode or decompose appreciably, 
and they are apparently completely 
indifferent to ordinary mechanical 
shock. It takes a high order explo- 
sion adjacent to a sample to induce 
a detonation. 

They do not deteriorate in stor- 
age, and are so slightly corrosive 
that they can easily be prepack- 
aged, The raw materials are com- 
mercially available in ample quan- 
tity, and the cost of the monopro- 
pellant, when made in quantity, is 
expected to be no more than five 
or six dollars a pound. 


NEW METHOD DEVELOPED 
FOR ‘PRINTING’ CIRCUITS 


A new method for producing 
printed wiring directly on ceramic 
bases without the use of adhesives 
has recently been developed by 
Bell Telephone Laboratories. The 
basis of the new process, which 
uses standard silk screening tech- 
niques for forming the pattern, is a 
specially formulated copper-bear- 
ing paste. 

In present methods of produc- 
tion, a sheet of copper foil is usual- 
ly bonded to the ceramic or plastic 
base with an adhesive. The de- 
sired pattern is then produced by 
one of several methods usually in- 
volving the removal of undesired 
material. The bond of the copper 
to the base thus is dependent on 
the strength of the adhesive. It 
often fails during subsequent proc- 
essing operations, such as soldering 
or assembly. 

With the new process, a paste is 
prepared from a finely ground mix- 
ture of copper oxide and a special 
glass frit, blended with a standard 
silk screen printing vehicle. The 
paste is used to print the pattern 


Bell Telephone Labs 


A. W. Treptow and Miss Lucille Finneran examine the screen printed pattern produced 
using a newly-developed copper paste for circuits printed directly on ceramic bases. 


After drying, the 


rinted ceramic “card” is fired in a two stage operation to burn off 


the printing vehicle, and to convert the copper oxide in the paste to metallic copper. 
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on the ceramic, and the “card” is 
heat-dried to remove solvents. After 
drying, the card with its pattern is 
fired in air at 750 C for 20 min to 
burn off the printing vehicle. This 
operation leaves a non-conduction 
copper oxide pattern, ready to be 
reduced to metallic copper. 

The second firing operation is 
conducted at 850 C for 30 min in 
a controlled atmosphere containing 
hydrogen, nitrogen, and oxygen. 
The hydrogen in the atmosphere 
reduces the copper oxides to me- 
tallic copper, while the oxygen 
prevents reduction of other oxides 
in the system and promotes good 
wetting of the glass frit and the 
ceramic, Without the oxygen pres- 
ent, a poor bond results. 

Printed wiring cards prepared 
this way can be dip-soldered with- 
out bond failure, and without the 
use of corrosive fluxes. In tests of 
bond strengths, 20-gauge headed 
wires were attached to the pattern 
with an area contact of about .01 sq 
in. Bond failure did not occur until 


about 2000 psi tensile pull, and 
even then generally involved break- 
ing out the ceramic rather than 
bond failure. 


SPUTTERED RESISTORS INCREASE 
COMPONENT DENSITIES 

Sputtered thin-film __resistors, 
formed from refractory metals such 
as tantalum and titamium, may be 
one of the more important develop- 
ments in microminiature electron- 
ics. Such resistors can be produced 
on glass or ceramic bases in lines 
as narrow as 1 mil, spaced 1 mil 
apart, thus producing high resist- 
ance in a small area. 

The miniature resistors owe their 
success to a high precision mask- 
ing process, which makes it pos- 
sible to produce the thin films in 
specifically restricted locations, An 
expendable copper mask is used 
for this operation. 

In producing a resistor, an over- 
all thin film of copper is first de- 
posited on the ceramic or glass 
base, for example, by sputtering. 
Then, the desired pattern is etched 
into the copper surface by standard 
photoetching techniques, leaving 
the bare substrate exposed. Tanta- 
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lum, other refractory metals, or 
electrically useful alloys are then 
deposited onto the etched copper 
pattern, and the whole unit placed 
in an etching bath. The copper 
with its overlay of tantalum is re- 
moved, leaving behind only the 
tantalum which was in direct con- 
tact with the bare surface. Since 
the masks are extremely thin, fine 
detail is possible. Also, since the 
sputtered materials adhere to the 
substrate itself, support considera- 
tions are not necessary and com- 
plex patterns can be produced. 

One of the most important as- 
pects of the new development is 
the production of high quality ca- 
pacitors and resistors from a single 
metal, cutting down the number of 
required operations, Also intercon- 
nections can be made simultane- 
ously with the components, thus 
eliminating faulty interconnections 
and removing one of the greatest 
reliability hazards in miniaturized 
electrical circuitry. 


MINIATURE LIGHT BULB PASSES 
THROUGH EYE OF NEEDLE 

The smallest incandescent lamp 
ever produced on an assembly line 
has been placed into production 
by Sylvania Lighting Products. 
The lamp is small enough to pass 
through the eye of a darning 
needle. The microminiature lamp 
has immediate applications in tran- 
sistorized circuits in missiles, com- 
puters and electronic systems. 

The body of the lamp is cylin- 


Sylvania Electric Products 

An incandescent lamp, so small it can be 

passed through the eye of a darning 

needle, has been placed in production by 
Sylvania Lighting Products. 
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Bell Telephone Labs 


Engineers examine a model of the large horn antenna which will be used at the Bell 

Telephone Laboratories ground station for experimental communication via man-made 

satellites. When completed, the horn antenna will be about 50 ft in length, and the 
aperture will measure about 20 ft by 20 ft. 


drical with a nominal diameter of 
.040 in. Nominal body length is 
0.125 in. The lamp leads are plati- 
num in a diameter of 0.005 inches. 
The filament is 0.00025 in., less 
than one tenth the diameter of hu- 
man hair. It consists of about thirty 
turns of tungsten wire. 

The diminutive lamp can be 
seen in a normally illuminated 
room, Its light output is in the 
order of 100 millilumens at 1.5 v 
input. The efficiency of the lamp is 
approximately 1.5 lumens per watt. 

Because it can be operated di- 
rectly from the output of a transis- 
tor, the lamp will be used in many 
display devices consisting of a 
matrix of many lamps for such 
purposes as computer readout dis- 
plays and arrays for animation. 


TERMINAL WILL SEND RADIO 
MESSAGES VIA SATELLITES 

An experimental ground station 
for sending and receiving tele- 
phone messages by way of man- 
made satellites is under construc- 
tion by Bell Telephone Laborato- 
ries at Holmdel, N.J. The station 
could point the way to a network 
of terminals for sending phone calls 
and live television to distant parts 
of the world. These stations would 
“bounce” radio signals off dozens of 
“sky-mirror” satellites. 


One of the projects at Holmdel 
will test the quality of radio signals 
transmitted between stations on 
opposite sides of the United States 
by means of reflections from a sat- 
ellite. Although single telephone 
channels will be used in the ex- 
periment, the objective is to deter- 
mine whether television’s “broad- 
band signals” (the equivalent of 
about 900 telephone channels) 
could also be transmitted. Such 
broadband signals cannot now be 
carried over present submarine 
cables, and cannot be transmitted 
directly by radio between widely 
separated points because the sig- 
nals are blocked by the earth's 
curvature. 

One of the initial and crucial 
problems in these experiments will 
be tracking speeding satellites pre- 
cisely, and for this purpose Bell 
Laboratories will devise its own 
special equipment. Data predicting 
the “passes” of satellites will arrive 
in coded form and the new equip- 
ment will rapidly convert the in- 
formation into a form suitable for 
controlling the antennas. 


BOEING EXPERIMENTS PRODUCE 
INSTRUMENT LANDING SYSTEM 

A new instrument landing sys- 
tem for aircraft is under develop- 
ment by Boeing Aircraft Company. 
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Electrical and Mechanical Engineers; Physicists 


aw NOMEN 


you can work in this new 
multi-million dollar engineering 
research & manufacturing facility in 


iy 


NeExT FALL the Norden Division of United Aircraft Corporation will 
consolidate in its new 350,000 sq. ft. Norwalk home, the operations it is 
now carrying on in plants and laboratories in White Plains, New York 
and Stamford and Milford, Connecticut. The Ketay Department, however, 
a prominent leader in the field of rotating components, will continue 
operations in its modern facilities in Commack, Long Island. 

At Norden Laboratories you will be associated with top men in the field 
of precision electronics, while working in this ultra modern new building 
which will contain the most up-to-date laboratory equipment available 
to facilitate the design and development of: 


Inertial Guidance Systems 
Navigational Systems 

and Components 
Microwave Equipment 
Aircraft Instrumentation 
Anti-Submarine Warfare 


Fire Control Systems 

Radar Systems 
Communications Equipment 
Data Processing Equipment 
Infrared Equipment 
Television Systems 


Norwalk is a particularly attractive location that has “more than its share” 
of cultural activities—the largest community art center in the East as well 
as its own symphony orchestra. Outdoor recreation also abounds—golf 
courses, fishing, boating, and swir.ming on Long Island Sound and famous 
New England winter sports centers close by. You can pursue graduate 
study under Norden’s excellent tuition refund plan in many area schools. 
And all this is only 41 miles from New York City. 


For additional information on opportunities at Norden Laboratories, see 
your college placement officer or write to: Technical Employment Mgr. 


}.,, NORDEN LABORATORIES 


*MORDER: 
NORDEN DIVISION OF UNITED AIRCRAFT CORPORATION 
121 Westmoreland Avenue, White Plains, New York 





far less than present systems in 
operation. The Boeing technique 
requires only the addition of two 
small units to automatic direction 
finding equipment (ADF receivers ) 
currently used on most aircraft 
plus two radio “homer beacons” on 
the ground. 

Present all-weather navigation, 
approach and landing systems re- 
quire ground-based radar or very 
high frequency (VHF) radio navi- 
gational aids of the type costing 
millions of dollars each and nor- 
mally found only at major im- 
proved fields. Because of its line of 
sight limitations, VHF radio trans- 
mission is extremely restricted at 
low altitudes, but low frequency 
signals tend to follow the earth’s 
curvature which makes them ideal 
for low altitude communications. 

One of the “homer beacons” 
would be placed on the centerline 
of the runway’s departure end and 
while the other “beacon” would be 
placed at a known distance to left 
or right at the approach end. Both 
would transmit a steady, low fre- 
quency signal. 

To operate with the beacons, the 
airplane’s standard automatic di- 
rection finding receivers would be 
a special filter and coupler—both 
weighing less than 6 Ib. The filter, 
after screening information coming 
out of the automatic direction 
finder, provides the system with a 
true heading. The coupler, a tiny 
but critically accurate “brain,” then 
examines all available data and 
supplies the same intelligence to 
the pilot, except for altitude, that 
normally is given by ground-based 
navigational and landing aids. 

Signals from the beacons are 
channeled through the new sys- 
tem to an instrument continuously 
showing the pilot his exact location 
in reference to the runway regard- 
less of wind. The “third dimension,” 
continual and exact altitude infor- 
mation, is supplied by the plane’s 
radar altimeter while the auto- 
matic direction finding coupler re- 
ports constantly the number of feet 
remaining before touchdown. 

Correlating his altitude and 
distance-to-touchdown information 
with what he sees on a visual dis- 
play instrument, the pilot can bring 
his aircraft down safely without 
ever looking outside. 
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DOOR IS OPEN AT ALLIED CHEMICAL TO 


Opportunities for professional recognition 


If you feel, as we do, that the publication of technical 
papers adds to the professional stature of the individual 
employee and his worth to his company, you will see why 
Allied encourages its people to put their findings in print. 
Some recent contributions from our technical staff are 
shown below. 

It’s interesting to speculate on what you might publish 
as a chemist at one of our 12 research laboratories and 
development centers. The possibilities are virtually limit- 
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“What is a Foam?” 


Donald S. Otto, National Aniline Division 
American Management Association Seminar on Polymeric 
Packaging Materials 





“Electrically Insulating, Flexible Inorganic Coatings on 
Metal Produced by Gaseous Fluorine Reactions” 


Dr. Robert W. Mason, General Chemical Research 


Laboratory 
American Ceramic Society Meeting, Electronic Division 





“Gas Chromatographic Separations of Closing Boiling 
Isomers” 
Dr. A. R. Paterson, Central Research Laboratory 


Second International Symposium on Gas Chromatography 
at Michigan State University 





“Correlation of Structure and Coating Properties of 


Polyurethane Copolymers” 
~ Dr. Maurice E. Bailey, G. C. Toone, G. S. Wooster, 
National Aniline Division; E. G. Bobalek, Case In- 
stitute of Technology and Consultant on Organic 
Coatings 
Gordon Research Conference on Organic Coatings 








“Corrosion of Metals by Chromic Acid Solutions” 


Ted M. Swain, Solvay Process Division 
Annual Conference of the National Association of 
Corrosion Engineers 





“Use of Polyethylene Emulsions in Textile Applications” 
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less, because Allied makes over 3,000 products—chemi- 
cals, plastics, fibers—products that offer careers with a 
future for chemists, chemistry majors and engineers. 
Why not write today for a newly revised copy of “Your 
Future in Allied Chemical.” Or ask our interviewer 
about Allied when he next visits your campus. Your 
placement office can tell you when he’ll be there. 


Allied Chemical, Department 109-R2 
61 Broadway, New York 6, New York 


seagate 


SOME RECENT TECHNICAL PAPERS AND TALKS BY ALLIED CHEMICAL PEOPLE 


“Isocyanate Resins” 





Leslie M. Faichney, National Aniline Division 
Modern Plastics Encyclopedia 


“Concentration of Sulphide Ore by Air Float Tables— 





Gossan Mines” 
R. H. Dickinson, Wilbert J. Trepp, J. O. Nichols, 
General Chemical Division 
Engineering and Mining Journal 
“Urethane Foams” 
Dr. Maurice E. Bailey, National Aniline Division 


For publication in a book on modern plastics by 
Herbert R. Simonds 





“The Booming Polyesters” 





James E. Sayre and Paul A. Elias, Plastics and Coal 


Chemicals Division 
Chemical & Engineering News 


“7’, 2’, 4’—Trimethoxyflavone” 





Dr. Sydney M. Spatz and Dr. Marvin Koral, Na- 


tional Aniline Division 
Journal of Organic Chemistry 


“Physical Properties of Perfluoropropane” 





James A. Brown, General Chemical Research Lab- 


oratory 
Journal of Physical Chemistry 


“Sulfur Hexafluoride” 








Robert Rosenbaum, Semet-Solvay Division 
D. D. Gagliardi, Gagliardi Research Corporation 


American Association of Textile Colorists & Chemists 
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GENERAL CHEMICAL + NATIONAL ANILINE - 


Dr. Whitney H. Mears, General Chemical Research 


Laboratory 
Encyclopedia of Chemical Technology 





BASIC TO 
AMERICA’S 
PROGRESS 


hemical 


NITROGEN « 


PLASTICS AND COAL CHEMICALS - SEMET-SOLVAY + SOLVAY PROCESS: INTERNATIONAL 
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Look beyond the obvious... 


— 


“s=s. . . . as you consider your first professional job. 


Sa 

——— At Melpar, we believe that all young engineers 
a 
ae 


and scientists should develop the habit of looking 
beyond the obvious. 

First, what is the obvious? It’s obvious that 
you’re in demand. You don’t have to worry about 
getting your material wants satisfied. And you 
don’t have to worry about getting opportunities 

“e--...__ for professional growth. Since you are in demand, 
~ you can expect to get the things you want from 
any number of potential employers. 

But, if you look beyond the obvious, you'll real- 
ize now that you’re going to want something more 
than “want satisfaction” out of your career. 
You’re going to want pride—pride in your per- 
sonal, individual contribution. 

At Melpar, where we are now working on 120 
advanced defense and space exploration projects, 
we are interested only in young men who realize 
that pride is a reward that extends much beyond 
the obvious. Because Melpar is a proud Company. 
We're proud of our IMAGINEERING approach 
to the solution of electronic problems; we’re proud 
of our uninterrupted growth and controlled expan- 
sion; we’re proud of the communities that sur- 
round our laboratories and plants in Northern 
Virginia and Boston, and we’re proud of our cre- 
ation, design, and production of electronic prod- 
ucts destined for universal application. 

If you want an opportunity to be proud of your 
contribution and your Company, we’re interested 
in hearing from you. Tell us about yourself. 
Either ask your college’s Placement Director to 
arrange a personal interview with the Melpar 
representative who will be visiting your campus, or 
write to our Professional Employment Supervisor. 
Tell him if you would like to hear from one of 
your college’s graduates who is now progressing 
at Melpar. 


“~ 


Melpar’s representative will visit your ret ae PAR = 
campus on February 19, 1960. Call 7 INC 


your Placement Director to arrange a A SUBSIDIARY OF WESTINGHOUSE AIR BRAKE COMPANY 
personal interview. 
3401 Arlington Boulevard, Falls Church, Virginia 


In Historic Fairfax County 
(10 miles from Washington, D. C.) 
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NASA LEADS 
U.S. VENTURES 
INTO 


SPACE 


OUTSTANDING PROFESSIONAL OPPORTUNITIES AVAILABLE 
TO GRADUATING SCIENTISTS AND ENGINEERS 


NASA plans, directs and conducts the Nation’s 
aeronautical and space activities for peaceful pur- 
poses and the benefit of all mankind. 


NASA’s efforts are directed toward discovering 
new knowledge about our universe and formu- 
lating new concepts of flight within and outside 
the earth’s atmosphere. Through the application 
of the resulting new knowledge and supporting 
technology, we will gain a deeper understanding 
of our earth and nearby space, of the moon, the 
sun and the planets, and ultimately, of inter- 
planetary space and the distant galaxies. 


NASA is now engaged in research, development, 
design, and operations in a wide variety of fields, 
including: 


Spacecraft « Aircraft * Boosters * Payloads 
Flight dynamics and mechanics ¢ Aeroelasticity 
Launching and impact loads * Materials and struc- 
tures * Heat transfer * Magnetoplasmadynamics 
Propulsion and energy systems: nuclear, thermal, 
electrical, chemical « Launching, tracking, naviga- 
tion, recovery systems * Instrumentation: electrical, 
electronic, mechanical, optical « Life support sys- 
tems ¢ Trajectories, orbits, celestial mechanics 
Radiation belts * Gravitational fields * Solar and 
stellar studies * Planetary atmospheres * Lunar 
and planetary surfaces « Applications: meteor- 
ology, communications, navigation, geodesy. 


Career Opportunities 

At NASA career opportunities for graduates 
with bachelor’s or higher degrees are as unlimited 
as the scope of our organization. Because of our 
dynamic growth and diversified operations, ex- 
cellent opportunities for personal and professional 
advancement are available for graduates with 
majors in: 


Engineering: Aeronautical, Mechanical, Electronic, 
Electrical, Chemical, Metallurgical, Ceramic, Civil, 
Engineering Mechanics, Engineering Physics 
Science: Astronautics, Physics, Electronics, Chem- 
istry, Metallurgy, Mathematics, Astronomy, Geo- 
physics 


For details about career opportunities, write 
to the Personnel Director of any of the 
NASA Research Centers listed below or 
contact your Placement Officer. 


NASA Research Centers and their 
locations are: 


e Langley Research Center, Hampton, Va. 

@ Ames Research Center, Mountain View, Calif. 

e@ Lewis Research Center, Cleveland 35, Ohio 

e Flight Research Center, Edwards, Calif. 

e Goddard Space Flight Center, Washington 25, D.C. 


NA S A National Aeronautics and Space Administration 
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BNGINEBERS@SCIEBENTISTS 


THE 


MITRE 


i a a” ee ee. ee 


Invites Candidates for Baccalaureate 
and Graduate Degrees to Investigate 
the Career Opportunities Available 


in Large-Scale System Engineering 


Accelerating programs in the growing techno- 
logical field of large-scale system engineering 
at MITRE afford young engineers and scien- 
tists unique career opportunity because: 


¢ MITRE, a systems engineering and development 
organization, formed under the sponsorship of the 
Massachusetts Institute of Technology, has the 
unusual assignment of providing engineering solu- 
tions to the varied and complex problems inherent 
in large-scale air defense systems. 


© The complexities involved in the design and 
development of the world’s largest real-time 
control systems provide an opportunity to apply 
professional skills across a broad scientific spec- 
trum. Included within this long-range work pro- 
gram is the design, development, evaluation and 
integration of the diverse components, equipments 


‘and subsystems from which total systems are 


evolved. This is a continuing assignment because 
the MITRE system approach takes cognizance of 
the immediate and long-term threat, the total 
defense technology — both present and projected — 
and the complex logistics of air defense that 
insures the best possible defense system, at mini- 
mum cost, for any given time period. 


¢ Working directly with the men who designed 
and developed the SAGE System, professional 
growth is stimulated in a multi-disciplined environ- 
ment where there is freedom of choice to apply 
individual skills in areas which best fit professional 
talents. Assignments range from system design 
through prototype development to advanced oper- 
ations research. 


e Openings are available at MITRE’s modern 
locations in suburban Boston, Massachusetts — 
Fort Walton Beach, Florida — and Montgomery, 
Alabama. 


We invite you to discuss with us how your academic training 


can be effectively utilized in the following areas: 


@ COMMUNICATIONS SYSTEMS 
@ RADAR SYSTEM DEVELOPMENT 


¢ REAL-TIME COMPUTER CONTROL SYSTEMS ¢ ELECTRONIC RECONNAISSANCE AND 


¢ ENVIRONMENTAL TESTING 
AND EVALUATION 


¢ SYSTEM RESEARCH AND DESIGN 
¢ COMPONENT DEVELOPMENT 


COUNTERMEASURE SYSTEMS 
¢ BASIC ELECTRONIC RESEARCH 


Please contact your Placement Director to arrange interview on campus 


THE MITRE CORPORATION 


244 Woop Street — LEXINGTON 73, MASSACHUSETTS 


A brochure more fully describing MITRE and its activities is available on request. 
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Student Frank G. analyzes the 


Spectrum of skills built into 
Hamilton Standard products 


Some engineering specialties that contribute 
to creating this engine control: 


@ FLUID DYNAMICS 
@ HYDRAULICS 
@ ELECTRONICS 
@ METALLURGY 
@ VIBRATION 
@ MECHANICS 
@ CONTROL DYNAMICS 
@ STRESS ANALYSIS 
@ SERVO MECHANISMS 


OTHER PRODUCTS 
DEVELOPED BY 

THIS INTEGRATION 
OF VARIED SKILLS: 


JET ENGINE MODEL JFC 12-11 FUEL CONTROL is, typically, 

STARTERS the result of the Hamilton Standard “‘task force of talents” 

concept now producing so many ingenious, space-con- 

quering devices for advanced aircraft, missiles and space 

vehicles. The unit above is standard equipment on the 

highly successful Boeing 707 Jet Transport. This light- 

weight (60 lbs.), complex (about 1200 parts), and sensitive 

unit delivers 16,000 gallons of fuel in 7 hours—sufficient 

. to drive a car 240,000 miles—the distance to the moon! 

ELECTRONIC ENVIRONMENTAL Incoming students like Frank G. can use their engi- 

FLIGHT CONTROLS CONTROLS neering knowledge immediately at Hamilton Standard by 

contributing, as members of small design, analysis or proj- 

ect groups to the development of a product. There is 

virtually no limit to the types of engineering background 

required at Hamilton Standard, and no limit to the chal- 
lenging applications that await these talents. 


Write to R. J. Harding, Administrator-College Relations, 
for full color, illustrated brochure: 


HAMILTON STANDARD 


A DIVISION OF 


TURBO PROP weatieue UNITED AIRCRAFT CORP. 


CONTROLS PUMPS BRADLEY FIELD ROAD, WINDSOR LOCKS, CONN. 
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CRESCENT 


Insulated Wires and Cables 


CRESCENT INSULATED WIRE & CABLE CO. 
TRENTON, N. J. 


Pictured here are just a 
few of the many wires 
and cables made by 
CRESCENT. They have 
an enviable reputation 
for quality and endur- 
ance. 


C. Edward Murray, Jr. ‘14 








Y. CL Don't Have to Join the 
Service for 


TRAVEL — ADVENTURE 
EDUCATION 


FRICK COMPANY offers a training course for a 
small select group of trainees each year. 


The additional experience and training gained in 
this refrigeration course will guarantee your future 
in this fast growing field. 

Frick graduates are associated with all types of 
large industry, all over the world. 

Find out how you too can join this select group 


of refrigeration experts. 


Weite ... 


for details and applications for the Student 
Training Course today ... 


DEPENDABLE REFRIGERATION SINCE |682 
Ada di = 7 = 








The Official 


Cornell Class Ring 


can be purchased in our Gift Department 


10K Solid Gold 
Double-Faceted Synthetic Ruby 


Men‘s Medium Weight $31.63 
Heavy Weight 37.40 


Miniature __. 24.75 
(Tax Included) 


ORDER YOUR CLASS RING NOW 


The Cornell Campus Store 


Barnes Hall 








THE CORNELL ENGINEER 


When writing to advertisers please mention the ConneLt ENGINEER. 





HYDRAULICS IN YOUR FUTURE 


THREE 
OF SEVEN 
OPERATIONS 
PERFORMED 
HERE BY 
MULTIPRESS 


Streamlining production 


triples output 


...,another example 


of DENISON’S 
hydraulic ingenuity 


Shearing Four Slots... Trimming Chips Pressing Hopper-Fed Sleeve 


fovk to DENISON Low Yoadonship UA Juspdroulic LoveLorp meout 
J 6) 
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EZ 


Manufacturers of Super-Refractories Only 





REFRACTORY CRUCIBLES 
GRAPHITE CRUCIBLES 
HIGH-TEMPERATURE CEMENTS 
SPECIAL REFRACTORY BRICK, TILE, SHAPES 


From the Following Materials:— 


GRAPHITE ——— SILICON CARBIDE FUSED ALUMINA —— MULLITE 
MAGNESIA ZIRCON 
also 
CUSTOM PRODUCERS OF ELECTRICALLY FUSED REFRACTORY GRAINS 


LAVA CRUCIBLE-REFRACTORIES CO. 
PITTSBURGH, PA. 

















Printing 
Promotes 
Progress 


THE CAYUGA PRESS 


113 E. Green St. Ithaca, N.Y. Phone 2-2781 
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how does 


an engineer 


lose his job? 


Hundreds do it every day, without ever leaving their 
company. Confined by an unimaginative management, 
they sink to the level of pencil pushers . . . or slip-stick 
artists, losing the value of their intensive academic 
training. But the youthful engineer does not have to 
suffer this fate. Selecting the right company .. . with 
thought to its reputation for leadership, initiative, and 
atmosphere .. . makes the difference. 

Linde Company is world renowned for its progressive 
development in many fields .. . in atmospheric gases 
and acetylene, welding and flame processes and equip- 
ment, synthetic crystals and adsorbents to name a few. 


OVER 50 YEARS OF LEADERSHIP 


The terms “Linde” and ** Union Carbide” are registered trade-marks of UCC. 


JANUARY 1960 


This leadership has only been won through the creative 
powers and initiative of LINDE engineers and scientists. 
And, these men have received individual recognition 
of their achievements. 

You can find out more about career opportunities at 
LINDE, in research, development, production, sales, and 
staff positions, from your Placement Officer. A booklet, 
“Look to LINDE for your future,” is available by address- 
ing J. J. Rotosky, Recruiting Dept., Linde Company, 
Division of Union Carbide Corporation, 30 East 42nd 


Street, New York 17, N. Y. 


UNION 
CARBIDE 


inte 
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STRESS and STRAIN... 








Two stuttering blacksmiths had 
finished heating a piece of pig iron, 
and one placed it upon the 


anvil with a pair of tongs. 
“H-h-h-h-h-h-h-h-hit, it,” 
tered. 
“W-w-w-w-w-w-w-W-w-w-w-wh- 
where?” asked the other. 
“Aw-h-h-h-h-h-hell, we'll have to 
h-h-heat it again, now.” 


he stut- 


° oO oO 


Mama: “I’m glad to see you sit- 
ting so quiet while your father 
naps.” 

Junior: “I’m watching his cigar- 
ette burn down to his fingers.” 


The young lady eyed her escort 
with disapproval. “That’s the fourth 
time youve gone back for more 
punch, Albert,” she said coldly. 

“Doesn't it embarrass you at all?” 

“Why should it?” the young man 
shrugged. “I keep telling them I’m 
getting it for you. 


oO oO ° 


Mrs. Smith, seated in her living- 
room, heard the back door slam. 
Thinking it was her young son, she 
called: “I’m in here, darling. I’ve 
been waiting for you.” 

There was no answer for a mo- 
ment then a strange voice faltered, 
“I’m sorry, but I ain’t your regular 
milkman.” 

° 2 J 

Someone has observed that it 
takes a student twenty minutes 
longer to say what he thinks than 
to tell what he knows. 


°o oO °° 


A woman looks upon a secret in 
one of two ways. Either it is not 
worth keeping, or it is too good to 
be kept. 

° Qo ° 

Two morons each had a horse, 
but they couldn’t decide which be- 
longed to whom. So they cut the 
mane off one to differentiate, but 
it soon grew back. Next they cut 
the tail off one, but that also grew 
back. Finally they measured them 
and found that the black one was 
four inches taller than the white. 


56 


For Chem E.’s: We've often 
heard it said that gasoline and al- 
cohol don’t mix. Actually, they 
mix, but they just don’t taste good. 


° oO ° 


Probably the reason that God 
made woman last was that he 
didn’t want any advice while creat- 
ing man. 

oO ° a 

Three eminent doctors were 
bragging among themselves one 
day. Said the first, “I grafted an 
arm on a fellow and now he plays 
tennis like a pro.” Said the second, 
“I grafted a leg on a man and now 
he runs on the Olympic team.” 
The third man took the cake with, 
“I once grafted a smile on a jack- 
ass and now he is a Congressman.” 


° ° 2 


Guest: “Why does your dog keep 
w atching me like that?” 

Host: “I guess it’s because you ve 
got the plate he usually eats from.” 


e oO 2 


Lieutenant (in the mess hall, 
roaring with indignation): “Who 
told you to put these flowers on the 
table?” 

Sergeant: “The Colonel, Sir.” 

Lieutenant: “Pretty, aren’t they?” 


* oO oO 


The bus was crowded when the 
young lady got on and a soldier at- 
tempted to rise. She pushed him 
back gently and he tried to rise 
once more. 

“No, no, thank you,” she mur- 
mered, pushing him back again. 

“Please let me get up, lady,” he 
protested. “I’m two blocks past my 
stop now.” 

e a o 

Legally the husband is the head 
of the house and the pedestrian 
has the right of way. Both are 
fairly safe unless they try to exer- 
cise their rights. 

a ° oe 

Two cannibals were in an asy- 
lum, One was tearing pictures of 
men, women and children out of a 
magazine and eating them. 

“Tell me,” said the other, “is 
that dehydrated stuff any good?” 


The colonel was lecturing a class 
of ROTC students. 

“A 40-foot flagpole has fallen 
down,” he said. “You have a ser- 
geant and a squad of men. How do 
you erect the flagpole again?” 

The students thought, then made 
suggestions about block and tackle, 
derricks and so on. 

“You're all wrong,” said the col- 
onel. “You'd say, ‘Sergeant, get the 
flagpole up’.” 


oO * ° 


The superintendent of an_ in- 
sane asylum noticed an inmate 
pushing a wheelbarrow upside 
down. 

“Why do you have it upside 
down?” asked the superintendent. 

“You don’t think I’m crazy, do 
you?” was the reply. “I pushed it 
right side up yesterday and they 
kept filling it with sand.” 


* 2 ? 


A canny Scot was engaged in an 
argument with the conductor as to 
whether the fare was to be five 
or ten cents. Finally the disgusted 
conductor picked up the Scot's 
suitcase and tossed it off the train 
just as they were crossing a long 
bridge. It landed with a mighty 
splash. 

“Hoot man,” screamed the Scot, 
“first you try to rob me and now 
you've drowned my little boy!” 

2° ® 2 


“You can't beat the system,” 
moaned the student after his last 
semester’s grades. “I decided to 
take basket weaving for a snap 
course, but two Navajos enrolled, 
raised the curve, and I flunked.” 


* oc oO 


Two Indians had watched with 
much interest the building of a 
lighthouse off the rocky west coast. 
When it finally was completed they 
sat and watched it every night. A 
thick fog came rolling in one night 
and the siren blew continuously. 

“Ugh, ” grunted one Indian to the 
other. “Light shine—bell ring—horn 
blow—but fog come just the same.” 
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Photographs of parts, assemblies 
and models help both speed and 
accuracy in drafting. 


At Rohr Aircraft photog- 
raphy provides accurate in- 
structions for the intricate 
assembly of an 880 jet engine. 


From drafting board to final assembly... 


Photography works for the engineer 


Today photography has become an accepted, 
important tool in business and industry. It 
helps in product design, in engineering and 
development, in production, in quality control 
and in sales. 


Whatever your work in whatever field, you 
will find all along the line that photography 
will provide quicker, more accurate, and more 
economical methods of getting a job done. It 
will save you time. It will reduce costs. 


CAREERS WITH KODAK 
With photography and photographic processes 
becoming increasingly important in the business 
and industry of tomorrow, there are new and 
challenging opportunities at Kodak in research, 
engineering, electronics, design and production. 
If you are looking for such an interesting 
opportunity, write for information about 
careers with Kodak. Address: Business and 
Technical Personnel Dept., Eastman Kodak 
Company, Rochester 4, N. Y. 


EASTMAN KODAK COMPANY, Rochester 4, N. Y. 
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Interview with General Electric’s 


° CrTl 
ik Lt 


Charles F. Savage 





Consultant—Engineering Professional Relations 
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How Professional Societies 


Help Develop Young Engineers 


Q 


A 


~ 


a 


Mr. Savage, should young engineers 
join professional engineering socie- 
ties? 


By all means. Once engineers 
have graduated from college 
they are immediately “on the 
outside looking in,” so to speak, 
of a new social circle to which 
they must earn their right to be- 
long. Joining a professional or 
technical society represents a 
good entree. 


How do these societies help young 
engineers? 


The members of these societies 
—mature, knowledgeable men— 
have an obligation to instruct 
those who follow after them. 
Engineers and scientists—as pro- 
fessional people—are custodians 
of a specialized body or fund of 
knowledge to which they have 
three definite responsibilities. 
The first is to generate new 
knowledge and add to this total 
fund. The second is to utilize 
this fund of knowledge in service 
to society. The third is to teach 
this knowledge to others, includ- 
ing young engineers. 


Specifically, what benefits accrue 
from belonging to these groups? 


There are many. For the young 
engineer, affiliation serves the 
practical purpose of exposing his 
work to appraisal by other scien- 
tists and engineers. Most impor- 
tant, however, technical societies 
enable young engineers to learn 
of work crucial to their own. 
These organizations are a prime 
source of ideas—meeting col- 
leagues and talking with them, 
reading reports, attending meet- 
ings and lectures. And, for the 
young engineer, recognition of 
his accomplishments by asso- 
ciates and organizations gener- 
ally heads the list of his aspira- 
tions. He derives satisfaction 
from knowing that he has been 
identified in his field. 


Q. What contribution is the young en- 


gineer expected to make as an ac- 
tive member of technical and pro- 
fessional societies? 


. First of all, he should become 


active in helping promote the 
objectives of a society by prepar- 
ing and presenting timely, well- 
conceived technical papers. He 
should also become active in 
organizational administration. 
This is self-development at work, 
for such efforts can enhance the 
personal stature and reputation 
of the individual. And, I might 
add that professional develop- 
ment is a continuous process, 
starting prior to entering col- 
lege and progressing beyond 
retirement. Professional aspira- 
tions may change but learning 
covers a person’s entire life span. 
And, of course, there are dues to 
be paid. The amount is grad- 
uated in terms of professional 
stature gained and should al- 
ways be considered as a personal 
investment in his future. 


How do you go about joining pro- 
fessional groups? 


While still in school, join student 
chapters of societies right on 
campus. Once an engineer is out 
working in industry, he should 
contact local chapters of techni- 
cal and professional societies, or 
find out about them from fellow 
engineers. 


Does General Electric encourage par- 
ticipation in technical and _ profes- 
sional societies? 


It certainly does. General Elec- 
tric progress is built upon cre- 
ative ideas and innovations. The 
Company goes to great lengths 
to establish a climate and in- 
centive to yield these results. 
One way to get ideas is to en- 


courage employees to join pro- 
fessional societies. Why? Because 
General Electric shares in recog- 
nition accorded any of its indi- 
vidual employees, as well as the 
common pool of knowledge that 
these engineers build up. It can’t 
help but profit by encouraging 
such association, which sparks 
and stimulates contributions. 


Right now, sizeable numbers of 
General Electric employees, at 
all levels in the Company, belong 
to engineering societies, hold re- 
sponsible offices, serve on work- 
ing committees and handle im- 
portant assignments. Many are 
recognized for their outstanding 
contributions by honor and 
medal awards. 


These general observations em- 
phasize that General Electric 
does encourage participation. In 
indication of the importance of 
this view, the Company usually 
defrays a portion of the expense 
accrued by the men involved in 
supporting the activities of these 
various organizations. Remem- 
ber, our goal is to see every man 
advance to the full limit of his 
capabilities. Encouraging him to 
join Professional Societies is one 
way to help him do so. 


Mr. Savage has copies of the booklet 
“Your First 5 Years” published by 
the Engineers’ Council for Profes- 
sional Development which you may 
have for the asking. Simply write to 
Mr. C. F. Savage, Section 959-12, 
General Electric Co., Schenectady 
O,a. ve 





*LOOK FOR othe; interviews dis- 
cussing: Salary © Why Companies 
have Training Programs ® How to 
Get the Job You Want. 











GENERAL @@ ELECTRIC 


























